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(54) Bar code reader 

(57) A bar code reader has two reading windows, 
i.e.. a bottom window (5) and a side window (4). An 
increased number of scanning lines are used for consti- 
tuting scanning patterns for scanning bar codes, and 
the arrangement of the optical system is contrived to 
decrease the whole size of the bar code reader and, 
particularly, to decrease the depth of the bar code 
reader. A source (21) of laser light, a splitter (22) for 
splitting the laser beam emitted from the laser light 
source into two, a reflection mirror (23, 24) for transmit- 
ting one beam from the splitter to a polygon mirror (25) 
which rotates to scan the incident laser beam, a mirror 
system (26) for emitting the beam reflected by the poly- 
gon mirror through the reading window (5). and a focus- 
ing member (30) for focusing the beam reflected by the 
bar code onto a detector (28) that detects the beam 
reflected by the bar code, are arranged on the same line 
in the bar code reader. By using a concave mirror (30), 
furthermore, the beam reflected by the bar code is 
folded back to one detector (28). The light-receiving sur- 
face of another detector (29) is faced downward to 
receive the beam reflected by the bar code through a 
Fresnel lens (32) and mirror (33). thereby to decrease 
the depth of the bar code reader. Furthermore, the 
beam passage from the reflection mirror goes through 
the lower surface of the polygon mirror intersecting the 
axis of rotation of the polygon mirror. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a bar code reader 
and. particularly, to a bar code reader used for a POS 
(point-of-sale) system which is installed on a counter of 
a store and is used for reading bar codes attached to 
goods. 

2. Description of the Related Art 

In POS systems and in physical distribution sys- 
tems, so far. it is a widely accepted practice to exactly 
calculate and manage goods by reading bar codes 
attached to the goods by using a bar code reader. 

In such a bar code reader, a ray of light such as 
laser light is emitted onto the bar code, attached to the 
article by printing or the like method, to scan the bar 
code surface, and the laser light reflected by the bar 
code is detected to read the bar code. 

Fig. 1A is a diagram illustrating a conventional bar 
code reader in a perspective manner so that the internal 
constitution can be seen. The bar code reader employs 
a source of laser light, such as a semiconductor laser, 
as a source of light. In Fig. 1A. reference numeral 201 
denotes a laser module constituted by a source of laser 
beam and lenses. Reference numeral 202 is a polygon 
mirror which is a polyhedral mirror having a plurality of 
reflection planes. The polygon mirror 202 is rotated by a 
motor 207. The laser beam emitted from the laser mod- 
ule 201 is reflected by a small plane mirror provided at 
the center of a concave mirror 203 and arrives at the 
reflection plane of the polygon mirror 202. The laser 
beam is reflected by the reflection plane of the polygon 
mirror 202. Here, however, since the polygon mirror 202 
is rotating, the laser beam is scanned, for example, in 
the clockwise direction in the drawing. 

Reference numeral 204 denotes mirrors for splitting 
the scanning line and on which is incident the laser 
beam scanned by the polygon mirror 202. The laser 
beam is downwardly reflected by the scanning line-split- 
ting mirrors 204, upwardly reflected by a bottom mirror 

205 of nearly a V-shape. and-is emitted through a read- 
ing window 206. 

The laser beam emitted from the reading window 

206 scans the article that passes over the bar code 
reader. The laser beam after having scanned the article 
is reflected by the surface of the article to which the bar 
code is attached, and is caused to be incident on the bar 
code reader through the reading window 206. 

Light reflected by the bar code of the article and 
incident on the bar code reader, is reflected by the bot- 
tom mirror 205. scanning line-splitting mirrors 204 and 
polygon mirror 202. and is caused to be incident on the 
concave mirror 203. The concave mirror 203 focuses 
the laser beam reflected and diffused by the bar code 



toward a light detector 208. The laser beam received by 
the light detector 208 is decoded by a decoding circuit in 
the bar code reader and is output to an external unit. 
The bar code reader shown in Fig. 1 A has only one 

5 reading window 206. Such a bar code reader can be 
installed on an accounting counter in a store in two 
ways; i.e.. the bar code reader is installed so that the 
reading window 206 is in flush with the surface of the 
accounting counter, and the bar code reader is so 

k- installed that the reading window 206 is nearly vertical 
to the surface of the accounting counter. 

When the bar code reader of Fig. 1 A is installed on 
the accounting counter, there is offered only one read- 
ing window 206 as described above. When the article is 

15 passed over the bar code reader at the accounting 
counter to read the bar code attached to the article, the 
bar code is not scanned by the scanning light unless the 
bar code faces the reading window 206. and the bar 
code is not read out. "Oris is because in the conventional 

20 bar code readers, a limitation is imposed on the range 
scanned by the scanning light or on the direction in 
which the scanning light is emitted. 

To solve the above problem, a bar code reader has 
in recent years been devised having a plurality of read- 

25 ing windows, and emitting the scanning light through the 
respective reading windows to scan the article having 
bar code from a plurality of different directions. 

Figs. 1B and 1D illustrate appearances of the bar 
code readers 210 and 220 for which the above-men- 

30 tioned countermeasure is taken. These bar code read- 
ers 210 and 220 are provided with reading windows 
(hereinafter referred to as bottom windows) 216. 226 
formed in the bottom surface of the device, and reading 
windows (hereinafter referred to as side windows) 217, 

35 227 formed in the side surface erected at an angle 
nearly vertical to the bottom windows 216. 226. Scan- 
ning light is emitted from the bottom windows 216. 226 
toward the upper side windows 217. 227. On the other 
hand, scanning light is emitted in nearly the horizontal 

4C direction (toward the operator) from the side windows 
217, 227. 

As shown in Figs. 1C and 1E, the difference 
between the bar code readers 210 and 220 is that the 
bottom window 216 of the bar code reader 210 has a 

45 size of 5 inches x 4 inches, whereas the bottom window 
226 of the bar code reader 220 is of a trapezoidal shape 
having a size of 6 inches x 6 inches. 

As described above, a plurality of reading windows 
are provided, and the scanning light is emitted in a plu- 

sc rality of directions through the respective reading win- 
dows. Therefore, the article 209 passing on the bar 
code readers 210, 220 is irradiated with scanning light 
from a plurality of directions, and the probability for 
scanning the bar code is enhanced compared with 

55 when a bar code reader having only one reading win- 
dow is used. 

Fig. 1F illustrates a calculation counter (check-out 
counter) 230 on which the above-mentioned bar code 
reader 220 is installed. On the check-out counter 230 is 
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installed the bar code reader 220. The operator P 
stands at a position facing the side window 227. 

On the upper side of the side window 227 is pro- 
vided a key board 222 for inputting data related to the 
goods to which no bar code has been attached. A belt 
conveyer 233 exists on the upstream side of the check- 
out counter 230 to carry the goods to the position of the 
bar code reader 220. Reference numeral 235 denotes a 
guide plate for guiding the goods onto the bottom win- 
dow 226 of the bar code reader 220. 

As the article is carried to the position of the bar 
code reader 220 and passes by the bar code reader 
220. the bar code is read out irrespective of the direction 
of the bar code attached to the article. A POS terminal 
234 is provided by the side of the operator R and the 
calculation processing is executed by the POS terminal 
234. 

Fig. 1 G illustrates a bar code readable area of when 
the bar code readers 210 and 220 of Figs. 1B and ID 
are used. Here, the hatched region RP represents the 
one where the scanning beams emitted from the side 
windows 21 7, 227 and the bottom windows 216. 226 
are focused, and the bar code is read out even when the 
bar code is turned in the horizontal direction by 360 
degrees. Thus, since the scanning beams are emitted 
from the two reading windows, the bar code readable 
area is broadened. Besides, even when the bar code 
surface is not completely faced to one reading window, 
the bar code can be read out. 

However, even such bar code readers have prob- 
lems as described below. In the case of the bar code 
reader 210 shown in Figs. 1B and 1C. for example, the 
bottom window 216 has a size of 4 inches x 5 inches. 
Thus, the bar code reader 210 shown in Figs. 1B and 
1C has a narrow bottom window 216. and a pattern 
(hereinafter referred to as scanning pattern) is consti- 
tuted by a small number of scanning lines emitted from 
the bottom window 216. 

In the case of the bar code reader 220 shown in 
Figs. ID and 1E. furthermore, the bottom window 226 
has a size of 6 inches x 6 inches, which is larger than 
the size of the bottom window 216 of the bar code 
reader 210 shown in Figs. IB and 1C. However, the bot- 
tom windows 216. 226 are usually constituted by a rein- 
forced glass which resists falling articles, and are, 
hence, expensive. Therefore, the bar code reader 220 
of Figs. 1D and 1E becomes expensive. 

Various optical systems are arranged in the bar 
code reader, and the arrangement must be so contrived 
that the reader does not become bulky. However, in the 
conventional bar code readers and, particularly, in the 
bar code readers 210. 220 which read the bar code 
through two surfaces, i.e., through the bottom windows 
216. 26 and the side windows 217. 227, a total of two 
laser beam sources are provided, a laser beam source 
for the bottom windows 216. 226 and another laser 
beam sources for the side windows 217, 227. There- 
fore, arrangement of the optical systems for accom- 
plishing a desirable reading ability involves various 
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limitations and problems, resulting in an increase in the 
size of the device and an increase in the cost of produc- 
tion. 



The object of the present invention is to provide a 
bar code reader for reading bar code using a bottom 
window and a side window, wherein only one source of 
light is employed to emit laser beam from the bottom 
window or the side window, the arrangement of the opti- 
cal systems in the bar code reader is so contrived that 
the device will not become bulky, and the device is fab- 
ricated at a reduced cost. Another object of the present 
invention is to read the bar code attached to an article 
maintaining an improved precision by increasing the 
number of scanning patterns emitted from the bottom 
window. 

According to the present invention, in particular, it is 
possible to increase the number of scanning lines for 
constituting a scanning pattern emitted from the bottom 
window compared with that of the conventional devices. 
This is accomplished by the arrangement of mirrors for 
forming scanning patterns. 

According to the present invention, furthermore, the 
external size of the device and. particularly, the depth 
can be decreased compared with the conventional 
devices. This makes it possible tc nstall the reader even 
on a narrow accounting counter 

In the present invention, a source of light, scanning 
means, focusing means and the like constituting an opti- 
cal system are arranged on the center line of the device 
so as to share the same optical axis. In particular, the 
ray of light guided by the reflector is caused to intersect 
the axis of rotation of the scanning means. Therefore, 
no extra space needs be formed in the reader for con- 
ducting the ray of light, and the device can be realized in 
a small size. Moreover, the ray of light conducted by the 
reflection mirror is allowed to pass under the scanning 
means, making it possible to decrease the height of the 
device. 

The light detector is so disposed on the bottom sur- 
face of a bottom scanner portion that the light-receiving 
surface is faced in the horizontal direction and is so dis- 
posed in the side scanner portion that the light-receiving 
surface is faced downwards, in order to effectively utilize 
space in the device. In this case, the light detector does 
not intercept the passage of ray of light such as scan- 
ning lines. Accordingly, limitation on the length of the 
scanning lines, on the direction and on the angle can be 
decreased to realize a scanning pattern for reading the 
bar code more efficiently. 

In the present invention, furthermore, the frame of 
the bottom scanner unit is divided into upper and lower 
portions, and the mirrors for forming the scanning pat- 
terns are mounted on the inside of the frame. Therefore, 
no additional mechanism is necessary for arranging the 
mirrors in space inside the device; i.e., space in the 
device is effectively utilized. 
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Moreover, since the depth of the bottom window is 
increased compared with the conventional bar code 
readers, the area for reading bar codes can be broad- 
ened compared with that of the conventional devices, 
and it becomes more probable that the bar code can be 5 
read compared to the conventional devices. 

To focus light reflected by the bar code and guided 
to the detector, furthermore, the optical passage of the 
reflected beam is folded by using a concave mirror, 
making it possible to shorten the length of the passage ic 
of the reflected beam. 

According to the present invention, furthermore, the 
beam diameter of a semiconductor laser of either the 
vertical direction or the horizontal direction is changed 
by using a rectangular prism, but the other beam diam- 75 
eter is not changed; i.e., the beam diameters are set to 
be nearly the same in both the horizontal direction and 
the vertical direction. According to this constitution, the 
laser beam is less intercepted (squeezed) by, for exam- 
ple, an aperture, and the diameter of the laser beam is 20 
not deformed. 

In particular, use of the rectangular prism makes it 
possible to reduce the size of the laser module. 

With the source of laser beam, means for changing 
the beam diameter and means for splitting the beam 2s 
being contained in a module, furthermore, there is no 
need to bring the optical axes of each of the portions 
into alignment. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more clearly under- 
stood from the description as set forth below with refer- 
ence to the accompanying drawings, wherein: 
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Fig. 1 A is a perspective view illustrating the internal 
constitution of a conventional bar code reader; 
Fig. 1 B is a perspective view illustrating the appear- * 
ance of a conventional bar code reader having two 
reading windows; 40 
Fig. 1 C is a diagram illustrating the size of a bottom 
window of Fig. 1B; 

Fig. 1D is a perspective view illustrating appear- 
ance of another conventional bar code reader hav- 
ing two reading windows; 

Fig. 1E is a diagram illustrating the size of a bottom 
window of Fig. 1D; 

Fig. 1F is a plan view illustrating an accounting 
counter incorporating the bar code reader of Fig. 
1D; so 
Fig. iG is a diagram illustrating a bar code readable 
area of the conventional bar code reader having 
two reading windows; 

Fig. 2A is a perspective view illustrating the appear- 
ance of a bar code reader according to an embodi- ss 
ment of the present invention; 
Fig. 2B is a perspective view illustrating a state 
where the bar code reader of Fig. 2 A is installed on 
an accounting counter; 



Fig. 3 is a side sectional view schematically illus- 
trating the internal constitution of the bar code 
reader of Fig. 2A; 

Fig. 4 is a diagram illustrating a bar code readable 
area by the bar code reader of Fig. 2A; 
Fig. 5A is a front view illustrating an outer size of the 
bar code reader of Fig. 2A; 

Fig. 5B is a side view illustrating an outer size of the 
bar code reader of Fig. 2A; 

Fig. 6 is a block diagram illustrating an optical sys- 
tem of the bar code reader of Fig. 2A; 
Fig. 7 is a perspective view illustrating a state of 
when a cover is removed from a bottom scanner 
portion of the bar code reader of Fig. 2 A; 
Fig. 8A is a plan view of the bar code reader of Fig. 
7; 

Fig. 8B is a side view of the bar code reader of Fig. 
7; 

Fig. 9 is a perspective view illustrating the internal 
constitution of a lower frame of the bar code reader 
of Fig. 7; 

Fig. 1 0A is a plan view of the lower frame of Fig. 9; 
Fig. 1 0B is a plan view illustrating the constitution of 
the lower frame of Fig. 9 according to a modified 
embodiment; 

Fig. 1 1 is a side sectional view of the lower frame of 
Fig. 10A; 

Fig. 12 is a perspective view of a state where the 
upper frame and the lower frame are removed from 
the bar code reader of Fig. 7; 
FigT 13A is a plan view of a mirror frame shown in 
Figs. 8A and 8B; 

Fig. 13B is a front view of the mirror frame shown in 
Figs. 8A and 8B; 

Fig. 1 3C is a bottom view of the mirror frame shown 
in Figs. 8 A and 8B; 

Fig. 1 3D is a side view of the mirror frame shown in 
Figs. 8A and 8B; 

Fig. 14 is a perspective view of an assembly illus- 
trating the constitution of the mirror mounted on the 
mirror frame; • 

Fig. 15 is a side sectional view illustrating the con- 
stitution of an internal optical system of the bar 
code reader of Fig. 7; 

Fig. 16 is a block diagram illustrating the passages 
of scanning beams inside the bottom scanner por- 
tion; 

Fig. 17 is a block diagram illustrating the passages 

of scanning beams inside the side scanner portion; 

Fig. 18 is a diagram illustrating scanning patterns 

reflected by one plane of a polygon mirror and is 

emitted through the bottom window; 

Fig. 19 is a diagram illustrating the whole scanning 

patterns emitted through the bottom window; 

Fig. 20 is a diagram illustrating the whole scanning 

patterns emitted through the side window; 

Figs. 21 A to 21 C are diagrams illustrating some of 

the scanning patterns emitted through the bottom 

window; 
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Fig. 21 D is a diagram illustrating some of the scan- 
ning patterns emitted through the side window 4; 
Fig. 22 is a diagram illustrating the passages of rays 
of light from when a laser beam emitted from a VLD 
module is reflected by the polygon mirror until when s 
it is emitted through the bottom window and the 
side window: 

Fig. 23 is a perspective view illustrating the pas- 
sages of rays of light until the laser beam emitted 
from the VLD module is reflected by the polygon k> 
mirror; 

Fig. 24 is a diagram illustrating scanning patterns of 
scanning beams emitted from the bottom window of 

Fig. 1C; 

Fig. 25 is a diagram illustrating scanning patterns of is 
scanning beams emitted through the bottom win- 
dow of Fig. 1E; 

Fig. 26 is a diagram illustrating scanning patterns of 
scanning beams emitted through the bottom win- 
dow of the present invention; 20 
Fig. 27 is a diagram comparing the bar code reada- 
ble area of the bar code reader of the present inven- 
tion with that of the conventional bar code reader; 
Fig. 28 is a diagram illustrating the passages until 
the beam reflected by the bar code arrives at the 2s 
detector in the bar code reader; 
Fig. 29 is a diagram illustrating the arrangement of 
the source of light in the conventional bar code 
reader and the optical passages of the scanning 
beams emitted through the bottom window and the -3C 
side window; 

Fig. 30 is a diagram illustrating the arrangement of 
the source of light in the bar code reader of the 
present invention and the optical passages of scan- 
- ning beams emitted through the bottom window -35 
and the side window; 

Fig. 31 is a diagram illustrating the arrangement of 
a light-receiving means in the bar code reader, bar 
code readable area and the depth of the bar code 
reader according to the prior art; *o 
Fig. 32 is a diagram illustrating the arrangement of 
a light-receiving means in the bar code reader, bar 
code readable area and the depth of the bar code 
reader according to the present invention; 
Fig. 33A is a front view of a concave mirror used for 45 
the bar code reader of the present invention; 
Fig. 33B is a side view of the concave mirror used 
for the bar code reader of the present invention; 
Fig. 34 is a perspective view illustrating how to 
mount the concave mirrors of Figs. 33A and 33B on so 
the tower frame and how to adjust the mounting 
position; 

Fig. 35 A is a front view of a bottom mirror used for 

the bar code reader of the present invention; 

Fig. 35B is a side view of the bottom mirror used for ss 

the bar code reader of the present invention; 

Fig. 36 is a perspective view of when the bar code 

reader is viewed from the bottom side to illustrate 

the arrangement of adjustment screws for adjusting 



the mounting angles of the concave mirror and of 
the bottom mirror; 

Fig. 37A is a perspective view of the bar code 
reader of the embodiment of the present invention 
in which protrusions are formed on the surface of 
the bottom window; 
Fig. 37B is a side view of Fig. 37A; 
Fig. 38 is a perspective view of a control unit pro- 
vided inside the bar code reader of the present 
invention; 

Fig. 39 is a diagram illustrating the arrangement of 
the control unit inside the conventional bar code 
reader and its problems; 

Fig. 40 is a diagram illustrating the arrangement of 

the control unit inside the bar code reader of the 

present invention and its effects; 

Fig. 41 is a diagram illustrating the back surface of 

the bar code reader of the present invention having 

a variety of connectors arranged in the horizontal 

direction; 

Fig. 42 is a diagram illustrating the arrangement of 
connectors on the back surface of the bar code 
reader of the present invention; 
Fig. 43 is a perspective view illustrating a state 
where a cover is removed from the bottom scanner 
portion of the bar code reader to illustrate the state 
of mounting the control unit on the lower frame; 
Fig. 44 is a perspective view illustrating a state 
where the control unit is removed from the state of 
Fig. 43; 

Fig. 44A is a diagram illustrating the internal consti- 
tution of the VLD module and the state of laser 
beam emitted from the VLD module; 
Fig. 44B is a diagram of characteristics illustrating 
the bar code readable area as a distance from the 
aperture when the laser beam has an optimum 
diameter; 

Fig. 45 is a diagram illustrating a difference in the 
diameter of the beam emitted from a semiconductor 
laser depending upon the vertical direction and the 
horizontal direction; 

Fig. 46A is a diagram illustrating a state where the 
laser beam in the horizontal direction is passing 
through an aperture; 

Fig. 46B is a diagram illustrating a state where the 
laser beam in the vertical direction is passing 
through an aperture; 

Fig. 47 is a diagram illustrating changes in the 
diameter of the laser beam depending upon the dis- 
tance from the aperture using an aperture of an 
ordinary diameter, an aperture of a large diameter, 
and a lens having a large focal distance: 
Figs. 48A and 48B are diagrams illustrating a prob- 
lem of when use is made of a collimator lens having 
a small f-value. wherein Fig. 48A is a diagram illus- 
trating a change in the diameter of the laser beam 
in the vertical direction, and Fig. 48B is a diagram 
illustrating a change in the laser beam in the hori- 
zontal direction; 
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Figs. 49A and 49B are diagrams illustrating a prob- 
lem of when use is made of a collimator lens having 
a large f-value. wherein Fig. 49A is a diagram illus- 
trating a change in the diameter of the laser beam 
in the horizontal direction, and Fig. 49B is a dia- s 
gram illustrating a change in the diameter of the 
laser beam in the vertical direction; 
Fig. 50A is a diagram illustrating a principle for 
changing the beam diameter using the rectangular 
prism; 10 
Fig. SOB is a diagram illustrating a change in the 
diameter of the laser beam that has passed through 
the rectangular prism; 

Fig. 51 A is a diagram illustrating the diameter of the 
beam of before the beam is incident upon the rec- is 
tangular prism of Fig. SOB; 

— FigrSTB is adiagram illustratingthe diameter of the 

beam emitted from the rectangular prism of Fig. 
SOB; 

Fig. 52 is a diagram illustrating the constitution of 2C 
the VLD module using the rectangular prism and a 
change in the laser beam; 

Fig. 53A is a diagram illustrating a principle for 
changing the beam diameter of when the direction 
of the rectangular prism is changed; 25 
Fig. 53B is a diagram illustrating a change in the 
diameter of the laser beam that has passed through 
the rectangular prism; 

Fig. 54 A is a diagram illustrating the diameter of the 
beam of before the beam is incident upon the rec- 30 
tangular prism of Fig. 53B; 

Fig. 54B is a diagram illustrating the diameter of the 
beam emitted from the rectangular prism of Fig. 
53B; 

Fig. 55 is a diagram illustrating the constitution of 35 
the laser module using the rectangular prism and a 
change in the diameter of the laser beam; 
Fig. 56A is a diagram illustrating a problem of when 
a beam incident upon the rectangular prism is not a 
parallel beam; 4C 
Fig. 56B is a diagram illustrating an example where 
the collimator lens is turned to solve the problem of 
Fig. 56A; ' 

Fig. 57 is a diagram illustrating a prism that can be 
used for a bar code reader of the present invention 45 
to substitute for the rectangular prism; 
Figs. 58A to 58C are diagrams illustrating examples 
for changing the beam diameter by using means 
other than the prism, wherein Fig. 58A is a diagram 
illustrating a combination of a convex cylindrical so 
lens and a concave cylindrical lens. Fig. 58B is a 
diagram illustrating a combination of a concave 
cylindrical lens and a convex cylindrical lens, and 
Fig. 58C is a diagram illustrating the use of a cylin- 
drical lens of the type in which a concave lens and ss 
a convex lens are formed as a unitary structure; 
Fig. 59 is a diagram illustrating the constitution of 
an optical system of the bar code reader for gener- 
ating two scanning beams by splitting the laser 



beam; 

Fig. 60A is a diagram illustrating a beam-splitting 
means; 

Fig. 60B is a diagram illustrating another beam- 
splitting means; 

Fig. 61 A is a plan view of the VLD module of the 
present invention incorporating prism, half-mirror, 
collimator lens, etc.; 

Fig. 61 B is a side view of the VLD module of Fig. 
61 A; 

Fig. 62A is a plan view of a block for holding the col- 
limator lens; and 

Fig. 62B is a front view of the block for holding the 
collimator lens. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Described below with reference to the accompany- 
ing drawings are preferred embodiments of the present 
invention. 

Fig. 2A illustrates the appearance of a bar code 
reading apparatus (hereinafter referred to as bar code 
reader) 1 of the present invention/ The bar code reader 
1 shown in Fig. 2A contains a source of light such as 
semiconductor laser or the like therein, emits scanning 
beams through reading windows to scan the bar code, 
and receives the beams reflected by the bar code to 
read the bar code. 

The bar code reader 1 can be roughly divided into 
two units, i.e.. a side scanner portion 2 and a bottom 
scanner portion 3. The side scanner portion 2 has a 
reading window called side window 4. The scanning 
beam from the side scanner portion 2 is emitted nearly 
in a horizontal direction through the side window 4. and 
scans the article passing on the bar code reader 1 

The bottom scanner portion 3 has a reading win- 
dow called bottom window 5. The scanning beam emit- 
ted from the bottom window 5 is directed upwards. In 
order that the article having a bar code is scanned by 
the scanning beams from different directions, the scan- 
ning beam is emitted through the bottom window 5 
being slightly tilted toward the side window 4 to thereby 
scan the article passing on the bar code reader 1. The 
side scanner portion 2 and the bottom scanner portion 
3 constituting the bar code reader 1 have their respec- 
tive optical systems therein for generating scanning 
beams. Constitutions of these optical systems will be 
described later in detail. 

In Fig. 2A, reference numeral 6 denotes a dip 
switch which is used for setting a variety of operations of 
the bar code reader 1 . Reference numeral 7 denotes a 
restart switch which is used for resetting the operation 
of the bar code reader 1 . Though not shown in Fig. 2A. 
the bar code reader 1 is provided with an indicator such 
as LED for informing the operator of the fact that the bar 
code cannot be read, a speaker for producing alarm 
sound, etc. 

Furthermore, the surface of the bar code reader 1 
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having the bottom window 5 works as a scale which, 
when an article is placed thereon, measures the weight 
of the article. When the price of the article corresponds 
td the weight of the article, the prices of the individual 
articles can be calculated by measuring the weights of 5 
the articles. 

Fig. 2B illustrates a state where the bar code reader 
1 of Fig. 2A is installed on an accounting counter 
(check-out counter) in a store. The bar code reader 1 is 
installed on the accounting counter 1 1 such that the jo 
counter surface 12 of the accounting counter 1 1 is flush 
with the upper surface 1 3 of the bar code reader 1 which 
is provided with the bottom window 5. Therefore, the 
lower portion of the bar code reader 1 is buried in the 
accounting counter 1 1 . 75 

The operator stands at a position facing the side^ 
scanner portion 2of7he accounting"counter 1T,' passes'., 
an article, to which a bar code is attached, over the bar 
code reader 1 . so that the article is irradiated with the 
. scanning beam thereby to read the bar code attached to 20 
the article. 

. Since the counter surface 1 2 is flush with the .upper 
surface 13 of the bar code reader 1 having the bottom 
window 5. the operator passes the article on the bar 
code reader 1 in a manner to come into contact with the 25 
counter surface 12 to thereby read the bar code. 

Fig. 3 illustrates the arrangement of an optical sys- 
tem in the bar code reader 1 and the passages of 
beams emitted from a laser beam source. A VLD (visi- 
ble laser diode) module 21 is used as the source of 30 
laser beam. The VLD module 21 contains a semicon- 
ductor laser, and a laser beam generated by the semi- 
conductor laser is emitted as a scanning beam. The 
VLD module 21 is installed at a position remotest from 
the side scanner portion 2 and emits a laser beam 35 
toward the side scanner portion 2. 

The bar code reader 1 has only one VLD module 21 
as a source of light, but has two reading windows, i.e., 
side window 4 and bottom window 5. Therefore, the 
laser beam emitted from the VLD module 21 is split on 40 
its way into two by a half-mirror "22 which is a splitter. 
The half-mirror 22 reflects part of the laser beam emit- 
ted from the VLD module 21. and transmits part of the 
laser beam, to thereby split the laser beam into two. A 
scanning beam to be emitted through the side window 4 45 
is obtained from one of the split beams, and a scanning 
beam to be emitted through the bottom window 5 is 
obtained from the other one of the split beams. 

Reference numerals 23 and 24 denote reflection 
mirrors which reflect laser beams reflected by the half- so 
mirror 22 so that they are incident upon a polygon mirror 
25. The reflection mirrors 23 and 24 are of a small 
square shape. A concave mirror 30 is provided neigh- 
boring the half-mirror 22. A through hole 31 is formed in 
the center of the concave mirror 30. and the laser beam 55 
emitted from the VLD module 21 is incident upon a pol- 
ygon mirror 25 passing through the hole 31 . 

The polygon mirror 25 is a polyhedron having a plu- 
rality of reflection planes and having, in this case, four 



reflection planes. The polygon mirror 25 is mounted on 
a polygon motor 20 and is rotated by the polygon motor 
20. Onto the reflection planes of the polygon mirror 25 
are incident, from different directions, a laser beam that 
has passed through the hole 31 of the concave mirror 
30 after having passed through the half-mirror 22 and a 
laser beam reflected by the reflection mirrors 23 and 24 
after reflected by the half-mirror 22. Since the polygon 
mirror 25 is rotated as described above, the laser 
beams reflected by the reflection planes of the polygon 
mirror 25 are converted into scanning beams that 
describe arcs. 

The reflection planes of the polygon mirror 25 are 
tilted at predetermined angles, and the laser beams are 
reflected by the reflection planes in predetermined 
angular directions. The reflection planes are tilted at dif- 
f erehtangles. - The angles of ret fection planes of the pbT-~ 
ygon mirror 25 need not be different for all reflection 
planes. 

Reference numeral 26 denotes a first mirror system 
for emitting the beam reflected by the polygon mirror 25 
through the bottom window 5. and reference numeral 27 
denotes a second mirror system for emitting the beam 
reflected by the polygon mirror 25 through the side win- 
dow 4. The mirror systems 26 and 27 are each consti- 
tuted by a combination of a plurality of mirrors. The 
mirror systems 26 and 27 work to divide a scanning 
beam formed by the polygon mirror 25 into a plurality of 
scanning lines in order to increase the number of scan- 
ning lines emitted through the side window 4 and the 
bottom window 5. Moreover, the directions and inclina- 
tions of the reflection planes of mirrors constituting the 
mirror systems 26 and 27 are so set that the scanning 
lines emitted through the side window 4 and the bottom 
window 5 will have a variety of scanning directions 
(angles). 

On the first mirror system 26 is incident a scanning 
beam that has passed through the half-mirror 2 and is 
reflected by the reflection plane of the polygon mirror 
25. This scanning beam is so reflected as will be emit- 
ted nearly upwardly through the bottom window 5. On 
the second mirror system 27 is incident a scanning 
beam that is reflected by the reflection plane of the pol- 
ygon mirror 25 after having been reflected by the half- 
mirror 22 and the reflection mirrors 23. 24. This scan- 
ning beam is so reflected as will be emitted nearly in a 
horizontal direction through the side window 4. 

The scanning beams emitted from the side window 
4 and the bottom window 5 are projected onto the article 
passing on the bar code reader 1 to thereby scan the 
bar code surfaces. The scanning beams ^having 
scanned the bar code surfaces are reflected by the bar 
code surfaces, and are incident upon the bar code 
reader 1 through the side window 4 and the bottom win- 
dow 5. The beams reflected by the bar code and are 
incident through the side window 4 and the bottom win- 
dow 5 arrive at the polygon mirror 25 travelling through 
the same passages through which the scanning beams 
were emitted, and are reflected by the reflection planes 
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of the polygon mirror 25. 

Described below are the passages of incidence of 
the reflected beam from the bar code to the bar code 
reader 1 . In Fig. 3. reference numeral 28 denotes a first 
detector which detects a beam reflected by the bar code 
and is incident upon the bar code reader 1 through the 
bottom window 5. The light-receiving surface of the first 
detector 28 is faced to a direction opposite to the side 
scanner portion 2. Reference numeral 29 denotes a 
second detector which detects a beam reflected by the 
bar code and is incident upon the bar code reader 1 
through the side window 4. The light-receiving surface 
of the second detector 29 is tilted downward. The 
beams reflected by the bar code and received by the 
first and second detectors 28 and 29 are electrically 
process ed, co nverted into binary signals, decoded by a 
decoding circuit that is not show~a andlire output tcTan" 
external unit (e.g., POS terminal). 

The beam reflected by the bar code and incident 
onto the bottom window 5 is reflected by the reflection 
plane of the polygon mirror 25, falls on the concave mir- 
ror 30,. and. is focused on the light-receiving surface pf 
the first detector 28 by the concave mirror 30. The beam 
reflected by the bar code surface of the article has been 
scattered and, hence, the reflected beam incident on 
the bar code reader 1 has been broadened to some 
extent. In this state, a decreased amount of the 
reflected beam arrives at the light-receiving surface of 
the first detector 28, and the beam is not obtained in an 
amount sufficient for reading the bar code. Therefore, 
the bar code reader 1 of Fig. 3 focuses the reflected 
beam using the concave mirror 30 to increase the 
amount of the reflected beam received by the first 
detector 28. 

The concave mirror 30 works to fold the reflected 
beam back, i.e.. reflects the beam from the bar code 
through the polygon mirror 25 toward the first detector 
28. Therefore, a long optical passage is realized in the 
device though its full length is small. The through hole 
31 formed in the center of the concave mirror 30 permits 
the laser beam emitted from the VLD module 21 and 
incident upon the polygon mirror 25 to pass through. 

As described above, the beam reflected by the bar 
code is incident on the detector travelling through the 
same passages as those through which the scanning 
beam was emitted. In order that the bar code can be 
most efficiently read out. the optical axis of the beam 
emitted from the VLD module 21 must be in agreement 
with the optical axis of the reflected beam incident on 
the first detector 28. Therefore, the concave mirror 30 
must be arranged on the optical axis of the laser beam 
emitted from the VLD module 21 but must not intercept 
the optical axis of the emitted beam. For this purpose, 
the concave mirror 30 of Fig. 3 is provided at the central 
portion thereof with a hole 31 through which the beam 
emitted from the VLD module 21 is permitted to pass. 

Reference numeral 32 denotes a Fresnel lens 
which focuses the beam reflected by the bar code and is 
incident through the side window 4. This action is the 



same as that of the above-mentioned concave mirror 
30. A small reflection mirror 24 is disposed in front of the 
Fresnel lens 32. The optical axis of the beam reflected 
by the reflection mirror 24 is also in agreement with the 

5 optical axis of the beam that is reflected by the bar code 
and is incident on the Fresnel lens 32. As described 
above, however, the beam reflected by the bar code is 
broadened and only part of the beam incident on the 
Fresnel lens 32 is intercepted by the reflection mirror 24; 

ic i.e.. most of the beam reflected by the bar code is inci- 
dent upon the Fresnel lens 32. 

The Fresnel lens 32 is tilted to meet the angle of 
incidence of the beam reflected by the polygon mirror 
25. The reflected beam focused by the Fresnel lens 32 

75 is upwardly reflected by a bottom mirror 33 provided on 
the bottom surface of the bar code reader, and arrives at 
"^^ligr^-r^erving surface of the secdhd~detectdf~29 
which faces downward. 

Here, the bottom scanner portion 3 is constituted by 

20 the first mirror system 26. concave mirror 30 and first 
detector 28, and the side scanner portion 2 is consti- 
tuted by reflection mirrors 23. 24, second mirror system 
27, Fresnel lens 32. bottom surface mirror 33 and sec- 
ond detector 29. The VLD module 21 . half-mirror 22 and 

25 polygon mirror 25 are shared by the bottom scanner 
portion 3 and the side scanner portion 2. 

The thus constituted bar code reader 1 further has 
a printed board 34 arranged on the bottom surface 
thereof. On the printed board 34 are mounted a circuit 

3C for controlling the turn-on of the laser, a circuit for con- 
trolling the operation of the detector, a circuit for control- 
ling the rotation of the polygon motor, and a decoder 
circuit for decoding the bar code based upon the 
reflected beam detected by the detector. The printed 

35 board 34 has a connector 37 for connection to the exter- 
nal unit. An interface (l/F) cable 35 is connected to the 
connector 37, and the decoded bar code data are out- 
put. 

Fig. 4 is a diagram illustrating a state where a bar 

40 code 8 is scanned by a scanning beam emitted from the 
bar code reader 1 . As shown in Fig. 4. a scanning beam 
LH is emitted nearly in a horizontal direction (or tilted 
slightly upwards) through the side window 4. Through 
the bottom window 5. on the other hand, a scanning 

45 beam LV is emitted upwards. The beam emitted through 
the bottom window 5 is slightly tilted toward the side 
window 4. Therefore, the scanning beams emitted 
through both the side window 4 and the bottom window 
5 are focused at a portion A of Fig. 4. With an article 

so with bar code being passed through this position, there- 
fore, the article is scanned simultaneously (or at differ- 
ent times) with the scanning beams LH and LV emitted 
from different directions through the side window 4 and 
the bottom window 5. 

55 Therefore, even when the bar code 8 is not faced to 
the side window 4 or to the bottom window 5. it 
becomes more probable that the bar code 8 is irradiated 
with the scanning beam emitted through either the side 
window 4 or the bottom window 5, and the probability for 
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reading the bar code 8 becomes high. 

The scanning beam for scanning the bar code 8 is 
reflected by the surface of the article 9 to which the bar 
code 8 is attached. Here, however, the reflected beam 
RF is scattered as shown in Fig. 4. Therefore, even 
when the bar code 8 is located nearly perpendicularly to 
the bar code reader 1 and is faced to the direction oppo- 
site to the side window 4 as represented by a position B, 
part RFp of the beam reflected by the bar code 8 arrives 
at the bottom window 5. In particular, the scanning 
beam emitted through the bottom window 5 is upwardly 
directed. When the bar code 8 in a state as represented 
by the position B is scanned, therefore, it becomes more 
probable that the beam reflected from the bar code 8 is 
incident upon the bottom window 5. 

As described above, the bar code 8 of the article 9 
-passing the bar code readeMHs scanned by the scan-- 
ning beams from different directions. Therefore, the bar 
code 8 can be read out unless the bar code 8 is located 
at a position C where it faces neither the side window 4 
nor the bottom window 5. and is not irradiated by the 
scanning beam. 

Fig. 5 illustrates an outer size of the bar code 
reader 1 of Fig. 2A. The bar code reader 1 has a width 
W of about 292 mm and a height H of about 247 mm. 
Moreover, the bar code reader 1 has a depth D of about 
508 (or 430 mm), and a height H1 of about 120 mm from 
the bottom surface to the counter surface 12. The bar 
code reader 1 may have a depth D that meets the width 
of the accounting counter on which the bar code reader 
1 is installed. 

Fig. 6 is a diagram illustrating the optical system in 
the bar code reader 1. In Fig. 6. arrows represent pas- 
sages of laser beams, and the directions of arrows rep- 
resent the directions in which the laser beams are 
emitted. In Fig. 6, the internal constitution of the bar 
code reader 1 is drawn as divided into the side scanner 
portion 2 and the bottom scanner portion 3. In practice, 
the VLD module 21 is shared but is drawn being divided 
in Fig. 6 for the sake of convenience. The VLD module 
21 in the side scanner portion 2 will include the half -mir- 
ror. 

In the bottom scanner portion 3. the laser beam 
emitted from the VLD module 21 falls on the polygon 
mirror 25, and is reflected by the reflection plane of the 
polygon mirror 25. Thereafter, the laser beam is 
reflected by the first mirror system 26 and is projected to 
the bar code 8 through the bottom window 5. The bot- 
tom window 5 is constituted by two pieces of glass plate 
and prevents water or the like from entering into the bar 
code reader 1 . 

The glass plate is composed of a sapphire glass or 
the like glass having a high hardness. If the glass sur- 
faces are scratched and fouled being contacted by the 
articles, the laser beam may pass through in decreased 
amounts. Of the two glass plates constituting the bottom 
window 5. therefore, the lower glass plate which is less 
likely to be contacted by the articles is secured to the 
device, and the upper glass plate which is very likely to 



be contacted by the articles is allowed to be renewed as 
required. Therefore, the upper glass plate that »s 
scratched can be renewed, and a drop in the perform- 
ance for reading bar codes, that stems from the reduc- 

s tion in the amount of the laser beam passing through 
the bottom window 5. is avoided. The lower glass plate 
which is little likely to be contacted by the articles is less 
likely to be scratched on its surfaces than the upper 
glass plate. Therefore, the lower glass plate need not be 

70 composed of a hard and expensive glass such as sap- 
phire glass. 

Though the details will be described later, scanning 
patterns are emitted in a total of ten directions from the 
bottom scanner portion 3. the scanning pattern in each 

is direction consisting of four scanning lines. The scanning 
patterns are emitted in ten directions after every revolu- 

tion~of"the-polygon-mirror~25r"and~the _ bar"Code~is~ 

scanned by a total of 40 scanning lines. The four scan- 
ning lines constituting each scanning pattern corre- 

20 . sponded to each reflection plane of the polygon mirror 
25. 

The beam reflected by the bar code 8 is incident on 
the first mirror system through the bottom window 5 and 
is reflected toward the polygon mirror 25. Thereafter. 
25 the beam reflected by the bar code 8 is reflected by the 
reflection plane of the polygon mirror 25 and is focused 
and reflected by the concave mirror 30 toward.the first 
detector 28. A pin-photodiode can be used as the first 
detector 28. 

30 In the side scanner portion 2, on the other hand, the 
laser beam emitted from the VLD module 21 and 
reflected by the half-mirror is reflected by a plurality of 
reflection mirrors 23, and is guided to the pplygon mirror 
25. The scanning beam reflected by the reflection plane 

35 of the polygon mirror 25 is reflected by the second mir- 
ror system 27, and is emitted through the side window 4 
to scan the bar code 8. Like the bottom window 5. the 
side window 4 is constituted by two pieces of window 
glasses. In reading the bar code 8. the article 9 is less 

4C likely to come into contact with the side window 4. 
Therefore, the glass plate used for the side window 4 
may be an ordinary glass instead of a hard glass. 

Scanning patterns are emitted in six directions 
through the side window 4, the scanning pattern in each 

45 direction consisting of four scanning lines; i.e.. a total of 
24 scanning lines are emitted. This will be described 
later in detail. 

The beam reflected by the bar code 8 is incident on 
the bar code reader 1 through the side window 4, 

so reflected by the second mirror system 27 and by the 
reflection plane of the polygon mirror 25. and is focused 
by the Fresnel lens 32. The beam is then reflected by 
the bottom mirror 33 and is received by the second 
detector 29. A pin-photodiode can be used as the sec- 

55 ond detector 29. The constitution of a combination of 
the Fresnel lens 32 and the bottom mirror 33 may be 
substituted by a concave mirror having a function for 
focusing light. 

A disturbance light sensor 36 shown in Fig. 6 
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detects a change in the amount of light around the bar 
code reader 1 , controls the operation of the bar code 
reader 1 based upon the result thereof, and controls the 
turn-on of the VLD module 21 . 

Arrangement of the optical system in the bar code 
reader 1 will be described in further detail. 

Fig. 7 illustrates a state where an upper cover and 
a lower cover are removed from the bottom scanner por- 
tion 3 of the bar code reader 1. Reference numeral 5B 
denotes the lower glass plate of the two glass plates 
constituting the bottom window 5. In Fig. 7. reference 
numeral 41 denotes a lower frame. 41 F denotes a 
flange portion of the lower frame 41 . reference numeral 

42 denotes an upper frame. 42F denotes a flange por- 
tion of the upper frame 42. and reference numeral 43 
denotes a cover portion of the side scanner portion 2. 
The~lower frame 41 andlhe upper f rame~4£ 7 are^ivided~ 
up and down at the positions of flange portions 41 F and 
42F. Mirrors constituting the bottom scanner portion 3 
are mounted on the inner wall surfaces of the lower 
frame 41 and of the upper frame 42. 

Figs. 8A and 8B are a plan view and a side view of 
the bar code reader 1 shown in Fig. 7. The cover portion 

43 in which the side window 4 is provided can be 
divided from the lower frame 41 of the bar code reader 
1 . Inside the cover portion 43 is provided a mirror frame 

44 to which is stuck a mirror that constitutes a portion of 
the -second mirror system 27. 

Fig. 9 illustrates a state where the lower frame 41 
only is removed from the bar code reader 1 shown in 
Fig. 7. The polygon mirror is disposed nearly at the cen- 
tral portion of the lower frame 41 . Fig. 9 shows a plate 
51 for installing the polygon mirror but does not show 
the polygon mirror. A gap 52 is formed under the plate 
51 to permit the passage of a laser beam from the 
reflection mirror 23 to the reflection mirror 24. On the 
lower frame 41 are mounted a total of nine mirrors for 
constituting the first mirror system 26 or the second mir- 
ror system 27. Among them, ZB2, VBRR. VBLL, HBR2. 
HBL2. ZML2 and ZMR2 are mirrors constituting the first 
mirror system 26. Mirrors VSRl and VSL1 constitute a 
portion of the second mirror system 27. 

The mirrors ZMR2 and ZML2 are mounted on the 
side surface of the lower frame 41 and extend along the 
lengthwise direction of the lower frame 41. The mirror 
ZB2 is so disposed that its reflection plane is upwardly 
directed. The angle of the reflection plane of the mirror 
ZB2 can be suitably adjusted. The mirrors VBRR and 
VBLL are arranged on the surfaces of the lower frame 
41 most remote from the side scanner portion, with their 
reflection planes being titted slightly upwardly so as to 
face the polygon mirror. 

The mirrors VSRl and VSL1 are mounted on the 
side surfaces of the lower frame 41 with their reflection 
planes being slightly tilted upward. 

Reference numeral 53 denotes a printed board, 
and a second detector 29 is mounted on a portion 
thereof. The printed board 53 is mounted on the lower 
frame 41 such that the light -receiving surface of the sec- 



ond detector 29 is downwardly tilted. This arrangement 
makes it possible to reduce the depth of the device. 

The Fresnel lens 32 is mounted in a tilted manner 
between the printed board 53 and the polygon mirror, 
f Furthermore, the reflection mirror 24 is provided in front 
of the Fresnel lens 32 and on the optical axis thereof. 

The VLD module is held under the lower surface of 
the mirror ZB2. and a laser beam is emitted from this 
position. The reflection mirror 23 is mounted at the back 
ic of the mirror ZB2 to reflect the laser beam passing 
through a gap between the mirror ZB2 and the lower 
frame 41 toward the reflection mirror 24. 

The first detector 28 is provided on the lower sur- 
face of the device. The light -receiving surface of the first 
75 detector 28 faces the side of the reflection mirror 23. 
and an opening 54 is formed on the front side of the 
light^Teceiving surface of~tfTe"fifst"detector28"to guide" 
the laser beam reflected by the concave mirror 30 
toward the first detector 28. The opening 54 has a V- 
20 shape to meet an optical passage in which the reflected 
beam is focused by the concave mirror 30. The first 
detector 28 is mounted on a printed board 55. 

Fig. 10A illustrates the lower frame 41 that is 
viewed from the upper side, and Fig. 1 1 is a side sec- 
25 tional view of the lower frame 41 . 

As shown in Fig. 1 OA or 1 1 , the polygon mirror 25 is 
provided nearly at the center of the lower frame 41 but 
closer to the side scanner portion. At the back of the 
Fresnel lens 32 is provided the bottom mirror 33 with its 
30 reflection plane being upwardly faced. The first detector 
28 is mounted on the bottom surface of the lower frame 
41. The first detector 28 is mounted on the printed 
board 55. The opening 54 of nearly a V-shape is formed 
on the side of the light-receiving surface of the first 
35 detector 28. and the beam reflected by the concave mir- 
ror 30 is incident on the first detector 28 through the 
opening 54. 

The VLD module 21 . reflection mirrors 23, 24. Fres- 
nel lens 32. polygon mirror 25. first detector 28. second 

40 detector 29 and concave mirror 30 are arranged in the 
lower frame 41 along the center line CL in such a man- 
ner that the optical axes of the rays of light are in agree- 
ment. The VLD module 21 and concave mirror 30 are 
arranged under the mirror ZB2. In Fig. 10A. the mirror 

45 ZB2 has been partly cut away so that the arrangement 
of the VLD module 21 can be seen. 

Referring to Fig. 1 1 , the first detector 28 is disposed 
on the bottom surface of the lower frame 41 and does 
not intercept the passage of beam emitted from the VLD 

so module 21 or of the beam reflected by the bar code. The 
mirror ZB2 is mounted being slightly tilted. The reflec- 
tion mirrors 23 and 24 are attached to the ends of slen- 
der frames and will not to intercept the passages of the 
beams. 

55 Protrusions 56 are formed on the bottom surfaces 
and on the side surfaces of the mirrors to define the 
positions and angles of the mirrors. The mirrors 
mounted on the lower frame are secured by being abut- 
ted to the protrusions 56. Thus, the mirrors are mounted 
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on the lower frame 41 facing predetermined directions 
at predetermined angles. 

In the embodiment shown in Fig. 10A. the first 
detector 28 is arranged in the lower frame 41 along the 
center line CL. As shown in Fig. 10B. however, the first 5 
detector 28 may be disposed in the lower frame 41 at a 
position deviated from the center line CL. In this case, 
the concave mirror 30 must be so arranged 1hat it is 
tilted at a direction perpendicular to the center line CL of 
the lower frame 41. so that the beam reflected by the ic 
concave mirror 30 is focused to the first detector 28. . 

The constitution of the lower frame 41 shown in Fig. 
10B is quite the same as the constitution of the lower 
frame 41 described with reference to Fig. 10A except 
the position of the first detector 28 and the direction of ?s 
the concave mirror 30, and the same constituent mem- 
bers are denoted by the same reference numerals but 
their description is not repeated. 

Fig. 12 illustrates the lower frame 41 of the device 
and the upper frame 42 placed thereon. The mirrors are 20 
stuck to the inside of the upper frame 42. The upper 
frame 42 is provided with a total of ten mirrors ZBRl. 
ZBL1, HBR1, HBL1 , VBR1 , VBL1, VBR2. VBL2, ZMR1, 
ZML1 . These mirrors constitute a portion of the first mir- 
ror system 26. These mirrors are disposed with their 25 
reflection planes being faced slightly downwardly and 
being faced to the mirrors that are mounted on the lower 
frame .41 to constitute the bottom scanner portion. 

Figs. 13A to 13D illustrate the mirror frame 44 
mounted inside the cover portion 43 of the side scanner 3C 
portion 2 as viewed from the upper direction, front direc- 
tion, bottom direction and side direction. On the inside 
of the mirror frame 44 are mounted a total of eight mir- 
rors ZHR, ZHL, ZRR, ZLL VSR2. VSL2. ZR, ZL. These 
eight mirrors constitute a portion of the second mirror 35 
system 27. In the side view of Fig. 13D. the left side cor- 
responds to the side where the operator stands or to the 
side of the side window. Among the eight mirrors, the 
reflection planes of the mirrors ZR and ZL are tilted 
upward, and the reflection planes of the remaining six *c 
mirrors are tilted slightly downward. The reflection 
planes of the six mirrors other than the mirrors ZR and 
ZL are so disposed as to be directed toward predeter- 
mined positions on the outside of the side scanner por- 
tion 2. 45 

Fig. 14 is a diagram illustrating the shapes of the 
upper six mirrors VSL2, ZLL, ZHL, ZHR. ZRR. VSR2 
among the mirrors mounted on the mirror frame 44 and 
their rough-positions of mounting. These six mirrors are 
mounted on the mounting surfaces on the inside of the so 
mirror frame 44 using an adhesive or the like. 

Fig. 15 is a side sectional view of the bar code 
reader 1 in a state where the lower frame 41, upper 
frame 42. cover portion 43 and mirror frame 44 are 
assembled. The mirrors mounted on the upper frame 42 55 
have reflection planes that are faced slightly down- 
wardly, and the beams reflected by the mirrors mounted 
on the upper frame 42 are incident on the mirrors 
mounted on the lower frame 41 The height of the posi- 



tions of the reflection planes of the mirrors ZR. ZL 
mounted on the mirror frame 44 is nearly the same as 
the height of the positions of the reflection planes of the 
mirrors VSR1 . VSL1 mounted on the lower frame 41 

In Fig. 15. the second detector 29 is so disposed 
that the light-receiving surface thereof is downwardly 
faced, and the printed board 53 is disposed to be nearly 
perpendicular to the bar code reader 1 to meet there- 
with. This arrangement makes it possible to decrease 
the depth of the bar code reader 1 compared with that of 
when the printed board 53 is horizontally arranged. Fur- 
thermore, the Fresnel lens 32 and the bottom mirror 33 
that guide the beam reflected by the bar code to the 
second detector 29 are provided at positions where they 
will not intercept the passages of scanning beams that 
are reflected by the polygon mirror 25 toward the mirrors 
VSLl. ZL. etc. 

Fig. 16 is a diagram schematically illustrating the 
passages of the scanning beams emitted from the bot- 
tom scanner portion 3 through the bottom window 5. 
and Fig. 1 7 is a diagram schematically illustrating the 
passages of the scanning beams emitted from the side 
scanner portion 2 through the side window 4. 

In the case of the bottom scanner portion 3 shown 
in Fig. 16. the laser beam emitted from the VLD module 
21 and reflected by the reflection plane of the polygon 
mirror 25 is scanned by the mirrors ZBRl , ZBL1 . HBR1 . 
HBL1, VBR1. VBL1, VBR2. VBL2. ZMR1. ZML1 
mounted on the upper frame 42. When the polygon mir- 
ror 25 rotates in the clockwise direction, the scanning is 
effected in the order of mirrors ZMR1. VBR2. V8RV 
HBR1, ZBR1. ZBL1 . HBL1.VBL1. VBL2 and ZML1 ; 

Next, the beam reflected by the mirrors on ; the 
inside of the upper frame 42 is projected onto the mir- 
rors mounted in the lower frame 41 . 

The scanning beam reflected by the mirror ZMR1 is 
upwardly reflected t>y the mirror ZMR2 and is emitted as 
a scanning pattern ZMR through the bottom window 5. 
The scanning beams reflected by the mirrors VBR2 and 
VBRl are upwardly reflected by the mirror. VBRR ancj 
"are emitted as scanning patterns VBR2, VBR1 through 
the bottom window 5. The scanning beam incident on 
the mirror VBRR due to the mirror VBR2 and the scan- 
ning beam incident on the mirror VBRR due to the mir- 
ror VBRl have different positions of incidence and 
different angles, and are emitted through the bottom 
window 5 as scanning beams having different directions 
and angles. 

The scanning beam reflected by the mirror HBR1 is 
upwardly reflected by the mirror HBR2 and is emitted as 
a scanning pattern HBR through the bottom window 5. 
The scanning beam reflected by the mirror ZBR1 is 
upwardly reflected by the mirror ZB2 and is emitted as a 
scanning pattern ZBR through the bottom window 5. 
The same holds even in the case of the mirrors ZBL1 . 
HBL1. VBL1. VBL2 and ZMLl. The scanning beam 
reflected by the mirror ZBLl is upwardly reflected by the 
mirror ZB2 and is emitted as a scanning pattern ZBL. 
The scanning beam reflected by the mirror HBL1 is 
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upwardly reflected by the mirror HBL2 and is emitted as 
a scanning pattern HBL. The scanning beams reflected 
by the mirrors VBL1 and VBL2 are upwardly reflected by 
the mirror VBLL to form scanning patterns VBL1 and 
VBL2. Then, the scanning beam reflected by the mirror 
ZMLl is upwardly reflected by the mirror ZML2 and is 
emitted as a scanning pattern ZML thereby to end a 
scanning cycle. 

Here, as shown in Fig. 12. the scanning beam 
reflected by the mirror ZMLl reaches the mirror ZML2 
traversing the inside of the bottom scanner portion 3. 
Thus, since the scanning beam partly traverses the 
inside of the bottom scanner portion 3. obstacles must 
be removed from the inside of the bottom scanner 3 to 
form space that will not intercept the scanning beams. 

In the bar code reader 1 of this embodiment, there- 
fore, the VLD module 21 . concave mirror 30 and the like 
are placed at the ends of the device as shown in Fig. 15. 
and the first detector 28 is mounted on the bottom sur- 
face of the device. Furthermore, the polygon mirror 25 is 
mounted on a position where it will not intercept space 
inside the bottom scanner portion 3. 

The mirrors constituting the bottom scanner portion 
3 are mounted on the wall surfaces on the inside of the 
lower frame 41 and the upper frame 42 that are split into 
up and down. Therefore, there is no need to provide a 
structure for arranging the mirrors in space inside the 
bottom scanner portion 3. With the mirrors being 
arranged as described above, space inside the bottom 
scanner portion 3 can be effectively utilized. 

In the side scanner portion 2 shown in Fig. 17. on 
the other hand, the scanning beam emitted from the 
VLD module 21 and reflected by the reflection mirrors 
23. 24 and by the polygon mirror 25. first, falls on the 
mirrors VSR1 and VSL1 mounted on the lower frame 41 
and on the mirrors ZR and ZL mounted on the mirror 
frame 44. The scanning is effected in the order of mir- 
rors VSL1. ZL. ZR. VSR1 . 

The scanning beam reflected by these mirrors is 
then reflected by six mirrors of the upper side mounted 
on the mirror frame 44. First the scanning beam 
reflected by the mirror VSL1 is reflected nearly in the 
horizontal direction by the mirror VSL2 and is emitted as 
a scanning pattern VSL through the side window 4. The 
scanning beam reflected by the mirror ZL falls on the 
mirror ZLL and is emitted as a scanning pattern ZLL 
through the side window 4. Then, the scanning beam 
reflected by the mirror ZL is reflected by the mirror ZHL. 
and is emitted as a scanning pattern ZHL through the 
side window 4. 

Next, the scanning beam reflected by the mirror ZR 
is first reflected by the mirror ZHR and is emitted as a 
scanning pattern ZHR through the side window 4. Next, 
the scanning beam reflected by the mirror ZR is 
reflected by the mirror ZRR. and is emitted as a scan- 
ning pattern ZRR through the side window 4. Finally, the 
scanning beam reflected by the mirror VSR1 is reflected 
by the mirror VSR2. and is emitted as a scanning pat- 
tern VSR through the side window 4. Thus, a scanning 



cycle ends. 

Fig. 18 is a diagram illustrating loci of scanning pat- 
terns in ten directions shown in Fig. 16 on the bottom 
window 5. There are shown loci of scanning patterns 

5 reflected by one plane of the polygon mirror 25. Fig. 19 
is a diagram illustrating all the scanning patterns 
reflected by all planes of the polygon mirror 25 and emit- 
ted through the bottom window 5. As described already, 
a total of 40 scanning lines are emitted through the bot- 

w torn window 5. The forty scanning lines are grouped into 
ten groups each consisting of four scanning lines. 

Two scanning patterns ZMR and ZML shown in Fig. 
18 are nearly perpendicular to the operator and extend 
over nearly the whole region of the bottom window 5 in 

is the lengthwise direction. Therefore, the article of which 
the bar code is to be read out is scanned by at least the 
scanning patterns ZMR and ZML irrespective, of where 
it may pass on the bottom window 5. 

The remaining eight scanning patterns describe 

20 loci that are slightly tilted upwardly to intersect the scan- 
ning patterns ZMR and ZML. By emitting the scanning 
patterns shown in Figs. 18 and 19. the scanning lines 
that constitute any scanning pattern scan the bar code 
irrespective of whether the bar code may pass on the 

25 bar code reader 1 at dissimilar angles, contributing to 
enhancing the ability for reading the bar code. 

Here, symbols attached to the scanning patterns 
correspond to the mirror names constituting the first mir- 
ror system 26 as described with reference to Fig. 16, 

30 and these scanning patterns are reflected by the mirrors 
having the corresponding names. 

Moreover, the reflection planes of the polygon mir- 
ror have different angles. Therefore, the scanning pat- 
terns emitted through the bottom window 5 and 

35 corresponding to such reflection planes have four scan- 
ning lines which are nearly in parallel and scan the posi- 
tions separated by a predetermined distance depending 
upon the angles of the reflection planes of the polygon 
mirror. Thus, a scanning pattern is constituted by a plu- 

40 rality of scanning lines that are separated by a predeter- 
mined distance. Therefore, the probability of scanning 
the bar code by the scanning lines is enhanced, contrib- 
uting to further enhance the ability for reading the bar 
code. 

45 Fig. 20 is a diagram illustrating scanning patterns 
emitted through the side window 4. Through the side 
window 4 are emitted six scanning patterns VSR. VSL. 
ZRR, ZLL, ZHR. ZHL each consisting of four scanning 
lines that are nearly in parallel and are spaced apart by 

so a predetermined distance. The names of these scan- 
ning patterns correspond to the names of the mirrors 
constituting the side scanner portion 2 as described 
with reference to Fig. 17. and represent scanning pat- 
terns reflected by the mirrors having the same names 

55 as in the case of Fig. 18. The four scanning lines in a 
scanning pattern are defined for their scanning posi- 
tions depending upon the angle of the reflection plane of 
the polygon mirror 25 as in the case of the scanning pat- 
tern emitted through the bottom window 5. 
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The scanning patterns of Fig. 20 are the patterns 
emitted through the side window 4. As described above, 
six mirrors other than the mirrors ZR, ZL mounted on 
the mirror frame 44 are so arranged that their reflection 
planes are directed to predetermined positions on the 5 
outside of the side scanner portion 2. Therefore, the 
scanning patterns approach each other as they sepa- 
rate from the side window 4. The six scanning patterns 
approach most at a position which is most suited for 
reading the bar code, and it becomes most probable at ic 
this position that the bar code passing on the bar code 
reader is scanned by the side patterns. 

The scanning patterns emitted through the bottom 
window 5 as well as the scanning patterns emitted 
through the side window 4, are symmetrically arranged is 
on the right and left sides with respect to the center 
lines. Since every bottom pattern and every side pattern 
have directions and angles that are different by small 
amounts, it becomes very probable that the bar code is 
traversed by at least one of the scanning lines. 20 

Figs. 21 A to 21 D illustrate scanning patterns of 
either side only among the scanning patterns (bottom 
patterns) emitted through the bottom window 5 and the 
scanning patterns (side patterns) emitted through the 
side window 4. As described above, the right and left 25 
scanning patterns emitted through the side window 4 
and the bottom window 5 are symmetrical relative to the 
center lines. The scanning patterns of the other side are 
just the same as the scanning patterns shown in Figs. 
2 1 A to 2 1 D turned around . 3C 

Fig. 21 A illustrates scanning patterns VBL1 and 
VBL2 among the bottom patterns. The scanning pattern 
VBL1 describes scanning loci that rise slightly toward 
the right at positions close to the side window 4. The 
scanning pattern VBL2 describe scanning loci that rise 35 
slightly toward the right like the scanning pattern VSL1 
but at a position closer to the operator than that of the 
scanning pattern VBL1. Fig. 21 B illustrates the scan- 
ning pattern ZML describing loci which traverse the bot- 
tom window 5 nearly in the lengthwise direction thereof. 40 
Therefore, irrespective of where the article may pass on 
the bottom window 5. the article is scanned by at least 
the scanning pattern ZML 

Figs. 21 C illustrates scanning patterns HBL and 
ZBL. The scanning pattern HBL describes scanning loci 45 
slightly rising toward the left at positions close to the 
side scanner on the teft side of the bottom window 5. 
The scanning pattern ZBL. on the other hand, describes 
scanning loci slightly rising toward the left at positions 
close to the operator on the right side of the bottom win- so 
dow 5. 

Fig. 21 D illustrates left side patterns among the 
scanning patterns emitted through the side window 4. 
The scanning pattern VSL extend in the vertical direc- 
tion of the side window 4 and describes scanning loci ss 
that slightly rise toward the left. The scanning pattern 
ZLL describes scanning loci that rise toward the right. 
The scanning pattern ZHL describes scanning loci that 
slightly rise toward the right on the upper side nearly at 



the center of the side window 4. 

Upon generating the above-mentioned scanning 
patterns, the article passing on the bar code reader is 
irradiated with a total of 64 scanning lines from two 
directions after every turn of the polygon mirror 25. As 
the article is scanned by an increased number of scan- 
ning lines from different directions and at different 
angles, it becomes more probable that the bar code sur- 
face is scanned by the scanning line, and reading the 
bar code becomes correspondingly more successful. 

Fig. 22 is a diagram illustrating the loci of a laser 
beam emitted from the VLD module 21 in the bar code 
reader 1. The VLD module 21 has the prism 61 for 
changing the out-going angle of the laser beam and for 
changing the diameter of the beam, and the half-mirror 
22 for splitting the laser beam into two. 

The laser beam that has passed through the prism 
61 and the half-mirror 22 is emitted slightly upwardly, 
passes through the hole 31 formed in the center of the 
concave mirror 30. and falls on the polygon mirror 25. 
The laser beam in the bottom scanner portion 3 
reflected by the polygon mirror 25 is incident on the mir- 
ror ZBL1 mounted on the upper frame 42 and is 
reflected so as to be once folded back downwardly by 
the mirror ZBL1 , and falls on the mirror ZB2 mounted on 
the lower frame 41. The mirror ZB2 reflects the scan- 
ning beam that is incident thereon toward an upwardly 
tilted direction. Therefore, a scanning beam forming the 
scanning pattern ZBL is emitted through the bottom 
window 5. 

On the other hand, the laser beam that has passed 
through the prism 61 and is reflected by the half-mirror 
22 falls on the reflection mirror 23 passing through 
space under the mirror ZB2, reflected by the reflection 
mirror 23, and falls on the reflection mirror 24 passing 
through a gap 52 under the plate 51 on which the poly- 
gon mirror 25 is installed. The laser beam reflected by 
the reflection mirror 23 toward the reflection mirror 24 is 
emitted nearly in a horizontal direction. 

The reflection mirror 24 reflects the laser beam that 
is incident thereon toward an upwardly tilted direction so 
that it will tall on the polygon mirror 25. The laser beam 
incident on the polygon mirror 25 is reflected, and is fur- 
ther upwardly reflected by the mirror VSL1 mounted on 
the lower frame 41 or by the mirror ZL mounted on the 
mirror frame 44, and is emitted through the side window 
4 nearly in the horizontal direction due to other six mir- 
rors mounted on the mirror frame 44. 

In the case of Fig. 22, for example, the scanning 
beam reflected by the polygon mirror 25 is incident on 
the mirror ZL and is reflected upwardly (nearly in a ver- 
tical direction). Thereafter, the scanning beam falls on 
the mirror ZHL mounted on the mirror frame 44 and is 
reflected in the horizontal direction so as to form the 
scanning pattern ZHL. 

Fig. 23 is a perspective view of the lower frame 41 
of the bar code reader 1 and illustrates a passage of the 
laser beam emitted from the VLD module 21 up to the 
polygon mirror 25. In Fig. 23. the polygon mirror is not 
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diagrammed so that the loci of the ray of beam can be 
easily understood, and only the plate 51 is diagrammed 
on which the polygon mirror will be installed. The con- 
cave mirror is provided under the mirror ZB2 and is not 
shown here. 

Referring to Fig. 23. the laser beam reflected by the 
reflection mirror 23 is incident on the reflection mirror 24 
passing through the gap 52 under the plate 51. and is 
reflected by the reflection mirror 24 toward the polygon 
mirror which is in an upwardly tilted direction. On the 
other hand, the laser beam emitted through the hole in 
the concave mirror falls directly on the polygon mirror. 

Figs. 24 to 26 illustrate in comparison the scanning 
patterns emitted from the bar code reader of the present 
invention and from the conventional bar code readers 
through their bottom windows. Fig. 24 illustrates a scan- 
ning pattern emitted through the bottom window 216 of 
Fig. iC. Fig. 25 illustrates a scanning pattern emitted 
through the bottom window 226 of Fig. IE. and Fig. 26 
illustrates a scanning pattern emitted through the bot- 
tom window 5 of the present invention. 

Compared to the bar code scanning patterns emit- 
ted through the conventional bottom windows 216 and 
226. the scanning pattern emitted through the bottom 
window 5 of the present invention includes many scan- 
ning lines heading in various directions. A total of 12 
scanning lines are emitted from the bottom window 216 
of Fig. 24. and a total of 24 scanning lines are emitted 
from the bottom window 226 of Fig. 25. By using the 
scanning lines emitted through the bottom window 5 of 
the present invention, therefore, the bar code most 
probably can be scanned and can be read out very reli- 
ably. 

Moreover, the bottom window 5 of the present 
invention is longer than the conventional bottom win- 
dows 216 and 226. Therefore, the bottom window 5 has 
a wider area on which the article will be passed to read 
the bar code. This correspondingly enhances the eft i-' 
ciency of the reading operation. 

Fig. 27 is a diagram illustrating a difference in the 
size of the area for reading bar code between the con- 
ventional bar code reader and the bar code reader of 
the present invention. The readable areas shown in Fig. 
27 are those where the bar code can be reliably read 
when the bar code erected, for example, in the vertical 
direction is turned by 360 degrees on a horizontal plane. 

In the case of the conventional bar code reader, the 
bottom window 5 has a size of 6 inches x 6 inches, 
which is short and. particularly, the readable area in the 
direction of depth inevitably becomes narrow. Besides, 
the readable area is deviated toward the side window 4. 
and the operator must pass the articles closer to the 
side window 4. Depending upon the height of the oper- 
ator, however, the article may not reach this area, and 
the reading operation is not efficient. With the bar code 
reader of the present invention, on the other hand, the 
bottom window 5 has a size of 4 inches x 7 inches, and 
the readable area in the direction of depth becomes 
broader toward the operator, therefore, even a person 



having short arms is able to easily pass the articles 
within the readable area. 

When the article is passed on the bar code reader, 
the scanning beam emitted through the bottom window 

5 5 is more likely to scan the article when the bottom win- 
dow 5 is deep. The reading ability, however, does not 
much change even when the bottom window 5 is not so 
wide or in the direction in which the article is passed. 
Moreover, the sapphire glass is expensive and its price 

io increases with an increase in the area. Therefore, the 
bottom window having a width of 6 inches is disadvan- 
tageous from the standpoint of cost and this width is not 
necessary, either. 

On the other hand, the bottom window 5 of the 

is present invention has a width of 4 inches, which is nec- 
essary for maintaining the reading ability and is further 
advantageous in suppressing the price of the glass. 

Fig. 28 is a diagram illustrating the passage of a 
beam reflected by the bar code in the bar code reader of 

20 the present invention starting from where the beam 
reflected by the bar code is incident on the polygon mir- 
ror 25. The reflected beam incident through the bottom 
window is reflected by the first mirror system and falls 
on the polygon mirror 25. The beam reflected by the bar 

25 code and by the reflection plane of the polygon mirror 
25 falls on the concave mirror 30. The beam reflected by 
the polygon mirror 25 is further reflected and focused by 
the concave mirror 30 to fall on the first detector 28. 
On the other hand, the beam incident through the 

3C side window is reflected by the second mirror system 
and falls on the polygon mirror 25. The beam reflected 
by the bar code and is further downwardly reflected by 
the reflection plane of the polygon mirror 25 and falls on 
the Fresnel lens 32. The Fresnel lens 32 focuses the 

35 beam reflected by the polygon mirror 25 so as to fall on 
the bottom mirror 33 which reflects the beam reflected 
by the bar code toward the light-receiving surface of the 
second detector 29. 

Fig. 29 is a diagram illustrating a relationship of the 

40 length of the optical passage of from the polygon mirror 
25 to a position where the laser beam can be best 
focused in the case when the bottom window 5 is short. 
In Fig. 29. A-B-C-D represents a scanning beam emit- 
ted through the side window 4, and E-F-G-H represents 

45 a scanning beam emitted through the bottom window 5. 
In the apparatus of Fig. 29. the optical passage A- 
B-OD is longer than the optical passage E-F-G-H. This 
is because, the VLD module 21 is provided under the 
side scanner portion 2. 

so When a lens and an aperture (details will be 
described later) for forming a beam are located close to 
the VLD module 21. the region for reading the bar code 
by the laser beam is determined depending upon a dis- 
tance from the VLD module 21 . Therefore, the position 
55 for mounting the VLD module 21 in the bar code reader 
contributes to determining the size of the bar code read- 
able area. 

In the case of Fig. 29. the distance from the VLD 
module 21 to a position where the laser beam can be 
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best focused is equal even in the case of the position D 
or the position H. Depending upon the arrangement of 
the VLD module 21. which is a source of laser beam, 
however, the lengths of the two optical passages A-B-C- 
0 and E-F-G-H change with the polygon mirror 25 as a 
reference. The difference in the length between the opti- 
cal passages A-B-C-D and E-F-G-H is absorbed by a 
difference between the length of the optical passage A'- 
A of from the VLD module 21 to the polygon mirror and 
the length of the optical passage A-A'-E of from the 
VLD module 21 to the polygon mirror through the mirror 
A*. 

When the depth of the bottom window 5 is 
increased as indicated by a broken line, on the other 
hand, it is not allowed to mount the mirror F on the same 
position as that of Fig. 29. That is. unless the mirror F is 
moved to a position F' indicated by a broken line by the 
amount of an increase in the length of the bottom win- 
dow 5, the mirror F intercepts the passage of the scan- 
ning beam and hinders the emission of the scanning 
beam. If the mirror F is moved to the position of the bro- 
ken line, therefore, the optical passage E-F-G-H 
becomes longer than the optical passage A-B-C-D. 

As a result, when the distance from the VLD mod- 
ule 21 to a position where the laser beam can be best 
focused is set to be a position H of the bottom window 
5. the position where the laser beam emitted through 
the side window 4 can be best focused becomes a posi- 
tion D' which is outside the readable space. When the 
depth of the bottom window 5 is lengthened as indicated 
by the broken line, therefore, it is not possible to mount 
the VLD module 21 on the same position as that of Fig. 
29. 

According to the present invention as shown in Fig. 
30. therefore, the VLD module 21 is installed at an end 
of the bottom scanner portion 3 most remote from the 
side scanner portion 2. With the VLD module 21 being 
arranged in this way, the difference between optical pas- 
sage length A-B-C-D and the optical passage length E- 
F-G-H can be absorbed by the difference between the 
optical passage length A'-A"-A and the optical passage 
length A'-E. 

The side scanner portion 2 is provided with the 
scanning' mirror system, etc., and cannot provide a suf- 
ficiently wide space. It is therefore difficult to lead the 
laser beam in the side scanner portion 2 to lengthen the 
optical passage of the beam emitted from the VLD mod- 
ule 21 . According to the present invention shown in Fig. 
30, the VLD'module 21 is installed at an end of the bot- 
tom scanner portion 3 most remote from the side scan- 
ner portion 2 of the bar code reader 1 to obtain space in 
which the laser beam can be lead about to adjust the 
• length of the optical passage. 

According to the present invention, the laser beam 
supplied to the side scanner portion 2 is caused to pass 
under the lower surface of the polygon mirror 25 so as 
to intersect the axis of rotation of the polygon mirror 25. 
If the laser beam supplied to the side scanner portion 2 
is caused to pass over the polygon mirror 25. it 



becomes difficult to arrange the mirrors for guiding the 
laser beam to the scanning mirror system in the side 
scanner portion 2. According to the present invention, 
however, the laser beam is passed under the polygon 

5 mirror 25 to solve the above-mentioned problem. 

Fig. 31 is a diagram illustrating an example of 
receiving the beam reflected by the bar code. In the 
case of Fig. 31. the scanning beam reflected by the pol- 
ygon mirror 25 is incident on the pattern-generating mir- 

io ror 71 where it is downwardly reflected, and is further 
upwardly reflected by the bottom mirror 72 so as to be 
emitted through the bottom window 5. In Fig. 31. the 
hatched area represents the area for reading bar codes 
of articles. The beam reflected by the bar code arrives 

is at the polygon mirror 25 passing through the same pas- 
sage as the emitted beam, and is reflected toward the 
detector 73. 

The beam reflected by the polygon mirror 25 is 
focused by the lens 74, downwardly reflected by the mir- 

2C ror 75 of which the reflection plane is faced in a down- 
wardly tilted direction, and arrives at the detector 73 
where it is received thereby. 

In the case of this bar code reader 10. it is not pos- 
sible to bring the lens 74 too close to the polygon mirror 

25 25 due to the arrangement of the mirror 71 and the bot- 
tom mirror 72. Accordingly, it is not possible decrease 
the size of depth of the bar code reader 10. In this case, 
the depth of not less than 450 mm is necessary. 

In the case of a store having a wide area, the 

30 accounting counter may have a width of. for example, 
about 550 mm. In this case, the bar code reader 10 can 
be installed on the accounting counter without sup- 
pressing the width of the bar-code reader 10. In the case 
of a narrow store, however, the accounting counter may 

35 have a width of as narrow as from 450 mm to 480 mm. 
In such a case, it becomes difficult to install the bar code 
reader 10 of Fig. 31 on the accounting counter. 

Fig. 32 illustrates the arrangement of a light-receiv- 
ing element in the bar code reader 1 according to the 

40 present invention. As described already, the first detec- 
tor 28 according to the present invention is provided on 
the bottom surface of the bar code reader 1 . The beam 
reflected by the polygon mirror 25 is reflected by the 
concave mirror 30 so as to be folded nearly into the 

45 center of the bar code reader 1 . 

In order that the scanning beam can be emitted 
through the bottom window 5. the scanning beam 
reflected by the polygon mirror 25 is downwardly 
reflected by the mirror ZBL1 mounted on the upper 

so frame and is then upwardly reflected by. for example, 
the concave mirror 30 and the mirror ZB2 provided on 
the VLD module 21 . The hatched area shown in Fig. 32 
represents the area for reading bar codes of articles. 
In order that the scanning beam is emitted through 

55 the bottom window 5 as described above, there is 
arranged neither the mirror that corresponds to the bot- 
tom mirror 72 of Fig. 31 nor the optical system that con- 
tributes to generating the scanning beam on the bottom 
surface of the bar code reader 1 . It is therefore possible 
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to arrange the first detector 28 on the bottom surface of 
the bar code reader i . and the beam reflected by the 
polygon mirror 25 is folded by the concave mirror 30 
toward the central portion of the bar code reader 1. 
Since the optical system is thus arranged, the depth of 
the bar code reader 1 can be decreased to be shorter 
than that of the bar code reader 10 explained with refer- 
ence to Fig. 31 despite the depth of the bottom window 
5 being as long as 7 inches. In the case of the apparatus 
of Fig. 32. the depth can be decreased to be not longer 
than 440 mm. 

Figs. 33A and 33B are a front view and a side view 
of the concave mirror 30 used in the present invention. 
The through hole 31 is formed near the center of the 
concave mirror 30. Furthermore, on the back side of the . 
concave mirror 30 is provided a metallic mounting fitting 
75 for being mounted on the lower frame 41 of the bar 
code reader 1 . The metallic mounting fitting 75 is folded 
in a U-shape and is made of a resilient member. 

The focal point of the recessed mirror 30 must be 
brought to the beam-receiving surface of the first detec- 
tor 28. Due to mounting errors, however, the focal point 
of the concave mirror 30 often deviates from the light- 
receiving surface of the first detector 28. To avoid this, 
the present invention is provided with a mechanism 
capable of adjusting the mounting angles of the con- 
cave mirror 30 in the horizontal direction and in the ver- 
tical direction. 

Fig. 34 is a diagram illustrating the mechanism for 
adjusting the angles of the concave mirror 30. Tapped 
holes 76 are formed near both ends of a folded portion 
75' of the metallic mounting fitting 75, and a hole 77 that 
serves as a fulcrum is formed near the central portion. 
On the other hand, the lower frame 41 of the bar code 
reader is provided with a projection 78 and two elon- 
gated holes 79. 

The hole 77 of the metallic mounting fitting 75 is fit- 
ted to the projection 78 of the frame 41 . and the concave 
mirror 30 is allowed to turn in the horizontal direction 
about the projection 78. The positioning of the concave 
mirror 30 in the horizontal direction is accomplished by 
turning the concave mirror 30 about the projection 78 in 
such a manner that the focal point of the concave mirror 
30 is positioned on the light-receiving surface of the first 
detector 28 as described with reference to Fig:' 32 and, 
then, the metallic mounting fitting 75 is secured to the 
lower frame 41 by using adjusting screws 65. 

The metallic mounting fitting 75 has resiliency. 
Therefore, the concave mirror 30 is turned back and 
forth with the folded portion 75" of the metallic mounting 
fitting 75 as a center to thereby adjust the mounting 
angle of the concave mirror 30. This adjustment is 
accomplished by using an adjusting screw 66 provided 
in the lower frame 41. The adjusting screw 66 is pro- 
vided at a position opposed to the metallic mounting fit- 
ting 75 in a state where the concave mirror 30 is 
mounted on the lower frame 41. The end of the adjust- 
ing screw 66 abuts the back surface of the concave mir- 
ror 30 in a state where the concave mirror 30 is mounted 



30 

on the lower frame 41 . The angle of the concave mirror 
30 in the vertical direction is adjusted by adjusting of the 
adjusting screw 66 to move the concave mirror 30 back 
and forth. 

5 Relying upon such a simply constructed mecha- 

nism, the beam reflected by the concave mirror 30 can 
be brought to the light-receiving surface of the first 
detector 28 through a simple operation. 

Figs. 35A and 35B are a top view and a side view of 

io the bottom mirror 33 which causes the beam reflected 
by the bar code to be incident on the second detector 29 
explained with reference to Fig. 28. A metallic mounting 
fitting 80 is attached to the bottom surface of the bottom 
mirror 33. The bottom mirror 33 is mounted on the lower 

f5 frame 41 through the metallic mounting fitting 80. The 
metallic mounting fitting 80. too. is made of a resilient 
member. The metallic mounting fitting 80 is folded in a 
U-shape. and the inclination of the bottom mirror 33 and 
its angle in the horizontal direction can be adjusted uti- 

20 lizing the resiliency of the metallic mounting fitting 80. 

Fig. 36 is a diagram of when the bar code reader 1 
of the present invention is viewed from the bottom side 
in a state where the cover is removed. On the bottom 
surface of the bar code reader i are provided a total of 

25 three screws for adjusting the angle of the concave mir- 
ror 30. As described with reference to Fig. 34. the 
adjusting screw 65 is used for adjusting the position of 
the concave mirror 30 in the horizontal direction. The 
concave mirror 30 is turned and is so adjusted that the 

3c focal point of the concave mirror 30 is located on the 
light-receiving surface of the first detector 28 described 
with reference to Fig. 32. The concave mirror 30 is then 
secured to the lower frame 41 using the adjusting 
screws 65. The adjusting screw 66 is used for adjusting 

35 the position of the concave mirror 30 in the vertical 
direction. 

Fig. 36 further illustrates adjusting screws 63. 64 for 
adjusting the bottom mirror 33. The adjusting screw 63 
is used for adjusting the inclination of the bottom mirror 
40 33. and the end of the adjusting screw 63 abuts the bot- 
tom surface of the bottom mirror 33. By adjusting of the 
adjusting screw 63. the inclination of the bottom mirror 
33 is adjusted and the direction for reflecting the beam 
is adjusted. 

45 The ends of the adjusting screws 64 are screwed, 
via elongated holes, into tapped holes formed near both 
ends of the metallic mounting fitting 80. The tapped 
holes of the metallic mounting fitting 80 have a shape 
like those of the metallic mounting fitting 75 for mounting 

so the concave mirror 30. As in the case of the concave 
mirror 30. the metallic mounting fitting 80 is allowed to 
turn in the horizontal direction with the fulcrum as a 
center. After the direction of the bottom mirror 33 is 
adjusted, the metallic mounting fitting 80 is secured to 

55 the lower frame 41 using the adjusting screws 64. 

Figs. 37A and 37B are diagrams illustrating the bot- 
tom surface 81 in which is provided the bottom window 
5 of the bar code reader 1 of the present invention. On 
the bottom surface 81 in which the bottom window 5 is 
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provided are formed protuberances 82 having a triangu- 
lar shape in cross section and extending in the direction 
of width of the bar code reader 1 . 

To read the bar code, the article is passed through 
the space above the bar code reader i. Depending s 
upon the operator, however, the article may be moved in 
contact with the bottom surface 81. In such a case, 
when the bottom surface 81 in which the bottom window 
5 is provided is flat, the article comes into contact with 
the bottom surface 1 over an increased area whereby T «: 
the friction increases between the article and the bottom 
surface 81 , and it becomes not easy to move the article. 

In order to cope with such a problem according to 
the bar code reader 1 of the present invention, protuber- 
ances 82 are formed on the bottom surface 81 in which is 
the bottom window 5 is provided, and the contact area 
is decreased between the article and the bottom surface 
81 in order to decrease frictional force between the arti- 
cle and the bottom surface 81. The direction in which 
the protuberances 82 extend is in agreement with the 20 
direction in which the article is passed to more effec- 
tively decrease the frictional force. 

The protuberances 82 can be formed by resin 
molding together with the bottom surface 81. Moreover, 
a member forming protuberances may be adhered to 25 
the bottom surface. 

The bar code reader 1 has a best-reading position 
83 where the scanning lines are concentrated most and 
the reading probability becomes the highest. In this bar 
code reader 1 as shown in Fig. 37B, the gaps among 30 
the protuberances 82 on the bottom surface 81 are 
changed enabling the operator to recognize where the 
best-reading position is located. 

That is, in this bar code reader 1 , protuberances 82 
are formed maintaining a small gap on a portion corre- 35 
sponding to the best-reading position 83. On the por- 
tions 84 deviated from the best-reading portion 83, the 
gap among protuberances 82 is increased to be wider 
than the gap among the protuberances at the best-read- 
ing position 83. Thgs. by changing the gaps among the 40 
protuberances 82 formed on the bottom surface 81 in 
which the bottom window 5 is provided, the operator vis- 
ually learns the best-reading position 83. Therefore, the 
operator is allowed to easily recognize where the best- 
reading position 83 is located. 45 

When a small article is to be passed, furthermore, 
the article may fall between the protuberances 82 caus- 
ing the bar code reading to be impaired. It is therefore 
desired that the gap among the protuberances 82 is not 
so large. With the gaps among the protuberances 82 so 
being narrow at the best-reading position, therefore, the 
article can be reliably passed at the best-reading posi- 
tion 83. 

Fig. 38 illustrates a control unit 85 of the bar code 
reader 1 . The control unit 85 of the bar code reader is 55 
provided with light detector circuits 101. 102 to which 
the first and second light detectors 28 and 29 will be 
connected, a VLD control circuit 103 to which the VLD 
module 21 will be connected, and a motor control circuit 



104 to which the polygon motor 20 will be connected. 
Operations of the units are controlled by these circuits. 
The control unit 85 further has connectors for connec- 
tion to external units, such as a connector 105 for con- 
nection to a power source cable for supplying electric 
power, a connector 106 for an interface (l/F) cable for 
transferring the bar code data read by the bar code 
reader 1 to a POS terminal, a connector 107 for connec- 
tion to a power source for supplying electric power to a 
scaling device, and a connector 108 to which can be 
connected a scanner of the hand-held type. 

So far, as shown in Fig. 39, the control unit 85 had 
been vertically installed on the back surface of the side 
scanner portion 2. In this case, however, the connectors 
86 face downwards. When the cables 109 need be con- 
nected to the connectors 86. therefore, the user had to 
tilt the bar code reader 1 by lifting it up as shown in Fig. 
39 so that he is allowed to make sure the kinds of the 
connectors to which the connection is to be made. 

However, the bar code reader 1 has been installed 
being buried in the accounting counter, and it is very dif- 
ficult to tilt the bar code reader 1 by lifting it up. There- 
fore, the cables are difficult to connect. 

Fig. 40 is a diagram explaining the connection of 
cables to the bar code reader 1 according to the present 
invention. In the bar code reader 1 of the present inven- 
tion, the control unit 85 is horizontally arranged on the 
bottom surface of the bar code reader 1 , and the con- 
nectors 86 are facing backwards. Therefore, the user is 
allowed to make sure the kinds of the connectors with 
the bar code reader 1 being horizontally installed, and 
the connectors 109 can be efficiently connected. 

Fig. 41 illustrates the back surface of the bar code 
reader 1 according to the present invention wherein a 
variety of connectors are arranged in the horizontal 
direction. The bar code reader 1 is provided on the back 
surface thereof with a power source cable connector 87 
to which the DC power source will be connected, an 
interface connector 88. and the like connectors. 

Fig. 42 is a diagram illustrating the back surface of 
the bar code reader 1 in a state where the control unit 
85 is mounted. The control unit 85 has a variety of con- 
nectors 88 as explained with reference to Fig. 41 . 

Fig. 43 is a diagram illustrating the back surface of 
the bar code reader 1 in a state where the control unit 
85 has been removed. From the bar code reader 1 are 
drawn a motor cable 111 connected to the polygon 
motor 20, an ADS cable 112. an ADB cable 113. an 
ANA cable 1 1 4 and the like cables, which are connected 
to the control unit 85. 

Fig. 44A illustrates the constitution of the laser 
module 21. The laser module 21 comprises a semicon- 
ductor laser 91 . a collimator lens 92 and an aperture 93. 
The laser beam emitted from the semiconductor laser 
91 diverges at a predetermined angle of divergence. 
Therefore, the laser .beam is focused through the colli- 
mator lens 92. passed through the aperture 93 to form a 
beam which is then emitted to the bar code readable 
area. 
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Here, as shown in Fig. 45. the laser beam emitted 
from the semiconductor laser 91 is differently diverged 
depending upon the vertical direction and the horizontal 
direction. The beam is diverged at an angle of from 
about 5° to about 1 1 0 in the horizontal direction and is 
diverged at an angle of from about 24° to about 37° in 
the vertical direction. Besides, greatly different charac- 
teristics are exhibited depending upon the individual 
semiconductor lasers 91 . and the angle of divergence 
differs greatly depending upon the individual semicon- 
ductor lasers 91. 

Here, the shape of the laser beam that is emitted is 
defined by the diameter of the aperture 93; i.e.. the 
beam diameter is shaped by the aperture 93. Fig. 44B 
illustrates a relationship between the distance from the 
aperture and the beam diameter of when there is 
employed a laser beam that is emitted after being 
shaped by the aperture. When it is presumed that an 
optimum beam diameter that is suited for reading the 
bar. code is 550 um, the bar code readable area 
becomes as shown in. for example, Fig. 44B. When the 
beam diameter is too great, it becomes difficult to regd 
the bar code having narrow gaps among the bars and. 
particularly, having a narrow bar width, causing the bar 
code reading efficiency to decrease. It is therefore 
desired that the beam diameter is as small as possible 
on the readable area. 

Described below with reference to Figs. 46A and 
46B is the problem that arises from a difference in the 
angle of divergence of the laser beam emitted from the 
semiconductor laser 91 depending upon the vertical 
direction and the horizontal direction. Even when an 
optical beam diameter is obtained in the horizontal 
direction in which the angle of divergence of the beam is 
small as shown in Fig. 46A, the angle of divergence 
becomes large in the vertical direction that is shown in 
Fig. 46B and. hence, the beam of a large diameter falls 
on the aperture 93. From the standpoint of shaping the 
beam, the aperture 93 has the same diameter in both 
the vertical and horizontal directions. In the vertical 
direction, therefore, the laser beam is* partly intercepted 
. by the aperture 93. and the loss of laser beam energy 
increases and the efficiency for utilizing the beam 
decreases. In the worst case, the beam is utilized at an 
efficiency of about 18%. 

The efficiency for utilizing the beam can be 
enhanced by increasing the diameter of the aperture 
93, decreasing the f-value of the collimator lens 92 
(shortening the focal distance), or by increasing the dis- 
tance between the semiconductor laser 91 and the col- 
limator lens 92. Fig. 47 illustrates a relationship 
between the distance from the aperture 93 and the 
beam diameter of when the above-mentioned counter- 
measure is taken for the laser beam. 

In Fig. 47, a curve ADN represents characteristics 
of when the diameter of the aperture 93 is the same as 
the conventional one (characteristics ADN are the same 
as the characteristics shown in Fig. 44B). a curve ADL 
represents characteristics of when the diameter of the 



aperture 93 is increased, a curve LFS represents char- 
acteristics of when the f-value of the collimator lens 92 
is decreased or when the distance is increased between 
the semiconductor laser 91 and the collimator lens 92. 

5 When the diameter of the aperture 93 is increased, 

the laser beam is less intercepted in the vertical direc- 
tion, and the efficiency for utilizing the beam increases. 
However, since the aperture 93 has a large diameter, it 
becomes difficult to squeeze the beam. In this case as 

io represented by the curve ADL in Fig. 47. therefore, the 
readable area in which the beam diameter is 550 um 
becomes narrower than an area of the curve ADN of 
when the aperture 93 has an ordinary diameter. As a 
result, the position where the beam can be most 

75 squeezed becomes more remote than that of when the 
aperture 93 has an ordinary diameter. In the horizontal 
direction, the laser beam almost completely passes 
through the aperture 93 as the diameter of the aperture 
93 increases, and the laser beam is no longer substan- 
ce tially shaped. 

When the f-value of the collimator lens 92 is 
decreased, the beam diameter can be most squeezed 
at a position closer than that of when a lens having a 
large f-value is used as represented by a curve LFS in 

25 Fig. 47. In this case as shown in Fig. 48A, ideal beam 
shape and ideal efficiency for utilizing the beam can be 
accomplished in the vertical direction in which the beam 
diverges at an increased angle, and there is no particu- 
lar problem concerning the efficiency for utilizing the 

30 beam. In the horizontal direction in which the beam 
diverges at a small angle, however, the beam is almost 
not intercepted by the aperture 93 as shown in Fig. 48B 
and the beam is not shaped, giving rise to the occur- 
rence of a problem in that the beam shape is lost. In the 

35 horizontal direction, therefore, the beam forms an image 
in space in front of the reading space, and the readable 
•area becomes narrow since the image-forming position 
differs depending upon the vertical direction and the lat- 
eral direction. 

4c Even when the distance is increased between the 
semiconductor laser 91 and the collimator lens 92. the 
same problem occurs as when the collimator lens 92 
having a small f-value is employed. 

To read the bar code as described above, it 

45 becomes necessary to enhance the efficiency fcr utiliz- 
ing the laser beam and to broaden as much as possible 
the readable area for reading the bar code in an opti- 
mum way. 

The laser module 21 used in the present invention 
so solves the above-mentioned problem and expands the 
margin of light quantity yet maintains a beam diameter 
for accomplishing a predetermined resolution for read- 
ing the bar code. The laser module 21 of the present 
invention has a beam diameter which is the same in 
££ both the vertical direction and the horizontal direction, 
so that beam is hardly intercepted by the aperture and 
so that a range in which an optimum beam diameter is 
maintained is expanded. 

Figs. 49A and 49B are diagrams explaining a prob- 
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lem that arises when use is made of a collimator lens 92 
having a relatively large f-vaiue and explaining a 
method of solution. In the case of the laser module 21 of 
Figs. 49A and 49B, no problem arises concerning the 
shape of the beam in the lateral direction in which the 5 
beam diverges at a small angle, and the beam inter- 
cepted by the aperture 93 can still be utilized maintain- 
ing an ideal efficiency. In the vertical direction in which 
the beam diverges at a large angle, however, the beam 
is much intercepted by the aperture and the efficiency 10 
for utilizing the beam decreases though there is no 
problem concerning the shape of the beam. 

This problem can be solved if the beam diameter in 
the vertical direction is decreased without decreasing 
the quantity of beam, so as to become nearly equal to is 
the beam diameter in the horizontal direction. 

Figs. 50A and 50B are diagrams illustrating the 
principle of means for this solution. Fig. 50A illustrates a 
rectangular prism 94. When a laser beam is incident 
upon the rectangular prism 94 at a predetermined 
angle, the laser beam is refracted by the rectangular 
prism 94. 

Here, the ratio of the laser beam emitted from the 
semiconductor laser 91 in the vertical direction to the 
laser beam emitted from the semiconductor laser 91 in 
the horizontal direction is equal to the ratio of their 
angles of divergence. When a particular value within the 
.above-mentioned range of angles of divergence is 
used, the ratio of the angle of divergence in the vertical 
direction to the angle of divergence in the horizontal 
direction, i.e., the ratio of the beam diameters is 2.7 to 1 . 
Here, therefore, the beam diameter in the vertical direc- 
tion must be contracted at a ratio of 2.7 to 1. When the 
beam is refracted by the rectangular prism 94. the diam- 
eter of the beam emitted from the rectangular prism 94 
is changed depending upon the angle of refraction. Fig. 
50A illustrates an example where the beam diameter is 
contracted at the above-mentioned ratio of 2.7 to 1 . 

The wavelength of the laser beam emitted from the 
semiconductor laser is, for example, 670 nm. When a 
glass constituting the rectangular prism 94 has a refrac- 
tive index n of 1.5134 and the rectangular prism 94 has 
an inner angle 6 of 37.828°. the laser beam incident on 
a plane 94a of the rectangular prism 94 at right angles 
goes out at angle of 68.15° with respect to a perpendic- 
ular 94p to the oblique line 94b of the rectangular prism 
94. Here, the Y-direction corresponds to the vertical 
direction of the laser beam. When the laser beam from 
the collimator lens 92 is incident perpendicularly upon 
the plane 94a of the rectangular prism 94, the ratio of 
the diameter of the beam incident on the rectangular 
prism 94 to the diameter of the laser beam going out 
from the rectangular prism 94 can be set to be 2.7 to 1 
as shown in Fig. SOB. 

The rectangular prism 94 does not work in the hor- 
izontal direction and the beam diameter does not 
change; i.e..' the diameter of the beam emitted from the 
semiconductor laser 91 is maintained. 

Fig. 51 A is a sectional view of the laser beam at a 



position IN in Fig. SOB. Referring to Fig. 50B. when the 
laser beam has a diameter a in the vertical direction and 
a diameter b in the horizontal direction at the position IN 
(a:b = 2.7:1). the beam diameter in the vertical direction 
is contracted to 1/2.7 through the rectangular prism 94. 
At a position OUT. therefore, the laser beam has a diam- 
eter b in the vertical direction. Accordingly, the laser 
beam at the position OUT has a circular shape in cross 
section as shown in Fig. 51 B. 

Fig. 52 is a diagram illustrating the arrangement of 
the semiconductor laser 91 . collimator lens 92. aperture 
93 and rectangular prism 94. Thus, the beam diameter 
is contracted in the vertical direction by using the rec- 
tangular prism 94. and is set to be the same (or nearly 
the same) as the beam diameter in the horizontal direc- 
tion, so that the laser beam is hardly intercepted by the 
aperture 93 thereby to enhance the efficiency of using 
the light. 

Figs. 53A and 53B illustrate the constitution for 
solving the problem inherent in the VLD module 21 
which uses a collimator lens (f = 3.6 mm) having a small 
f-value explained with reference to Figs. 48A and 48B. 

In the case of the VLD module 21 explained with 
reference to Figs. 48A and 48B, no problem arises in 
the vertical direction but a problem arises in the horizon- 
tal direction in that the aperture 93 almost does not act 
and the beam is not shaped. In the case of Figs. 53A 
and 53B, therefore, the beam diameter is expanded in 
the lateral direction. 

When the beam diameter is expanded at a ratio of 
1 to 2.7, the rectangular prism 94 which is used may be 
the same as the one explained with reference to Figs. 
50A and SOB. The difference from Figs. 50A and 50B is 
with respect to the arrangement of the rectangular prism 
94. In the case of Figs. 53A and 53B. the laser beam is 
incident at an angle of 68.15° with respect to a perpen- 
dicular 94p to the oblique line 94b of the rectangular 
prism 94. Here, the direction of plane corresponds to 
the horizontal direction of the laser beam. This enables 
the beam diameter to be expended to 2.7 times as great 
in the horizontal direction. 

Fig. 54A is a diagram illustrating in cross section 
the laser beam at the position IN of Fig. 53B. Referring 
to Fig. 53B. when the laser beam has a diameter a in 
the vertical direction and a beam diameter b in the hori- 
zontal direction at the position IN (a:b = 1 :2.7), the beam 
diameter in the vertical direction is expanded to 2.7 
times as great through the rectangular prism 94. There- 
fore, the diameter of the laser beam in the vertical direc- 
tion becomes b at the position OUT. As shown in Fig. 
54B. therefore, the laser beam at the position OUT has 
a circular shape in cross section. 

Fig. 55 is a diagram illustrating a state where there 
are arranged the rectangular prism 94, semiconductor 
laser 91. collimator lens 92 and aperture 93 of Figs. 53A 
and 53B. By using the rectangular prism 94 as shown in 
Fig. 55. the beam diameter can be expanded in the hor- 
izontal direction so that the beam incident on the aper- 
ture 93 will have the same diameter in the . horizontal 
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direction and in the vertical direction. 

. Here, various problems arise in that the laser beam 
emitted from the rectangular prism 94 and arriving at 
the aperture 93 becomes too great or too small depend- 
ing upon the tolerance of angle of the rectangular prism 
94 and the positional relationship with respect to the 
VLD module 21. 

Fig. 56A is a diagram explaining this problem. 
When, for example, the beam incident on the rectangu- 
lar prism 94 is not a parallel beam, the position where 
the laser beam is focused is determined depending 
upon the distance between the semiconductor laser 91 
and the collimator lens 92. and the initial focal position 
f 1 may extend as represented by a focal position f2. 

This problem can be solved by turning, as shown in 
Fig. 56B. the collimator lens 92 with the optical axis 
thereof as a center in a direction in which the beam is 
changed by the rectangular prism 94. That is, by turning 
the collimator lens 92. the diameter of the beam arriving 
at the rectangular prism 94 can be decreased depend- 
ing upon the inclination of the collimator lens 92. 

Therefore, even when the rectangular prism 94 is 
secured to the VLD module 21 by such means as adhe- 
sion and cannot be adjusted, expansion in the diameter 
of the laser beam arriving at the aperture 93 can be can- 
celed by contracting the diameter of the laser beam 
arriving at the rectangular prism 94 by adjusting the 
angle of the collimator lens 92. 

This method can be applied even when the initial 
focal distance tends to be shortened. That is. contrac- 
tion in the diameter of the laser beam arriving at the 
aperture 93 can be canceled by expanding the diameter 
of the laser beam arriving at the rectangular prism 94 by 
adjusting the angle of the collimator lens 92. 

The foregoing description has employed the rectan- 
gular prism 94. This is because the rectangular prism 
94 makes it possible to minimize the vertical angle of 
the prism and. hence, to decrease the size of the VLD 
module 21 as a whole. In particular, when there is no 
need to decrease the size of the VLD module 21, it is 
allowable to use a prism 95 which is not right angled as 
shown in Fig. 57. In the case of the prism 95 of Fig. 57. 
the angles a and b are different. 

Figs. 58A to 58C illustrate examples of changing 
the beam diameter by using means other than the 
prism. Here, cylindrical lenses 96a. 96b are used. The 
cylindrical lens exhibits the focusing action concerning 
one axis only between the two axes intersecting at right 
angles and can, hence, be adapted for contracting or 
expanding the diameter of the laser beam in either the 
vertical direction or the horizontal direction. 

Fig. 58A is a diagram illustrating means for con- 
tracting the beam diameter in the vertical direction. In 
Fig. 58A. a cylindrical convex lens 96a and a cylindrical 
concave lens 96b are used in combination. The lenses 
are arranged in the order of collimator lens 92. cylindri- 
cal convex lens 96a and cylindrical concave lens 96b 
starting from the side closer to the semiconductor laser 
91. 



When the cylindrical convex lens 96a only is 
arranged adjacent the collimator lens 92. the laser 
beam squeezed by the collimator lens 92 is further 
squeezed in the vertical direction only through the cyiin- 

5 drical convex lens 96a. The laser beam is squeezed in 
the horizontal direction by the collimator lens 92 only but 
is squeezed in the vertical direction by both the collima- 
tor lens 92 and the cylindrical convex lens 96a. Com- 
pared to the beam of the horizontal direction which does 

io not receive the action of the cylindrical convex lens 96a. 
therefore, the laser beam emitted in the vertical direc- 
tion forms an image at a short distance. In this state, the 
beam diameter incident on the aperture 93 becomes 
smaller than that of the beam in the horizontal direction. 

75 giving rise to the occurrence of a problem in that the 
beam emitted to the readable area loses its shape. 

As a means for correcting the shape of the beam, 
the cylindrical concave lens 96b is provided in a subse- 
quent stage of the cylindrical convex lens 96a. The 

20 cylindrical concave lens 96b decreases the degree of 
squeeze of the cylindrical convex lens 96a. In Fig. 58A. 
the beam in the horizontal direction is indicated by bro- 
ken lines. Due to the actions of the cylindrical convex 
lens 96a and cylindrical concave lens 96b as shown in 

25 Fig. 58 A. the beam incident on the aperture 93 has 
nearly the same diameter in both the horizontal direc- 
tion and the vertical direction. 

Fig. 58B is a diagram illustrating means for expand- 
ing the beam diameter in the vertical direction. In the 

3G case of Fig. 58B, the laser beam emitted from the sem- 
iconductor laser 91 passes through the collimator lens 
92. cylindrical concave lens 96b and cylindrical convex 
lens 96a in the order mentioned, and is incident upon 
the aperture 93. In Fig. 58. the solid lines represent the 

35 beam in the horizontal direction and dotted lines repre- 
sent the beam in the vertical direction. 

The beam of the horizontal direction squeezed by 
the collimator lens 92 is expanded into a predetermined 
magnification through the cylindrical concave lens 96b. 

4c On the other hand, the beam in the vertical direction 
does not receive the action of the cylindrical concave 
lens 96b and can be more squeezed than the beam in 
the horizontal direction. 

Here, the beam in the horizontal direction is 

45 expanded by the cylindrical concave lens 96b but the 
beam in the vertical direction does not receive the 
action of the cylindrical concave lens 96b. Therefore, 
the beam in the horizontal direction forms image at a 
position of an increased distance. When the cylindrical 

so concave lens 96b only is disposed in the subsequent 
stage of the collimator lens 92. therefore, the beam of 
the horizontal direction emitted to the readable area 
may lose its shape. 

To cope with this in the case of Fig. 58B. the cylin- 

55 drical convex lens 96a is inserted in the subsequent 
stage of the cylindrical concave lens 96b to correct the 
beam. By suppressing the degree of expansion of the 
beam in the horizontal direction or by focusing the beam 
in the horizontal direction through the cylindrical convex 
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lens 96a. the degree of converging the beam can be set 
to be nearly the same in both the horizontal direction 
and the vertical direction. 

In Figs. 58A and 58B, use is made of two concave 
and convex cylindrical lenses 96a and 96b. As shown in £ 
Fig. 58C. however, it is also possible to use a cylindrical 
double-sided lens 96c like the one obtained by sticking 
two concave and convex cylindrical lenses 96a and 96b 
together. In this case, however, the distance becomes 
zero between the two lenses 96a and 96b. and the ic 
beam is converted within the same medium. It therefore 
becomes necessary to form a lens surface having a 
radius of curvature which is smaller than that of when 
the two cylindrical lenses 96a and 96b are used. 

Fig. 59 illustrates a means in which the laser beam is 
emitted from the VLD module 21 is split to generate dis- 
similar scanning beams A and B. 

The laser beam emitted from the VLD module 21 is 
split into two beams A and B through a beam-splitting 
means (half-mirror in the aforementioned embodiment) 20 
22. The two beams A and B are reflected by a small 
reflection mirror 30' provided at the center of the con- 
cave mirror 30 toward the polygon mirror 25. The laser 
beams reflected by the polygon mirror 25 are reflected 
by the first mirror system 26 and are emitted through the 25 
bottom window 5. one beam serving as a scanning 
beam A and the other beam serving as a scanning 
beam B. 

The beams reflected by the bar code 8 are further 
reflected by the polygon mirror 25 to fall on the concave so 
mirror 30. The reflected beam corresponding to the 
scanning beam A falls on the first light detector 28 being 
reflected by the concave mirror 30. and the reflected 
beam corresponding to the scanning beam B falls on 
the second light detector 29 being reflected by the con- 35 
cave mirror 30. 

Figs. 60A and 60B illustrate examples of beam- 
splitting means. In Fig. 60A, the laser beam emitted 
from the VLD module 21 is split into a beam A and a 
beam B by a half-mirror 22. In Fig. 60B. the laser beam 40 
emitted from the VLD module 21 is split into a beam A 
and a beam B by a half -cube (or PBS) 22*. 

Figs. 61 A and 61 B are diagrams of the VLD module 
21 of the present invention incorporating these prism, 
splitting means, collimator lens, etc. In Figs. 61 A and 45 
61 B. reference numeral 91 denotes a semiconductor 
laser, and 92 denotes a collimator lens. The collimator 
lens 92 is contained in a block 97 made of. 1 for example, 
aluminum. The block 97 can be adjusted for its position 
in the right-and-left direction, and the position of focal sc 
point of the laser beam is adjusted by the block 97. The 
block 97 is urged from the upper direction by a resilient 
urging plate 98. so that its position is secured. 

Reference numeral 94 denotes a rectangular prism, 
and a laser beam emitted from the semiconductor laser 55 
91 is incident on the rectangular prism 94 through the 
oblique line 94b of the rectangular prism 94. The laser 
beam refracted by the rectangular pnsm 94 is shaped 
through the aperture 93 and is split into a beam A and a 



beam B by the half -mirror 22. 

As shown in Fig. 3. the beam A is projected onto the 
polygon mirror 25 through the hole 31 formed in the 
concave mirror 30. On the other hand, the beam B is 
projected onto the reflection mirror 23. 

Fig. 62A is a diagram viewing the block 97 contain- 
ing the collimator lens 92 from the upper side, and Fig. 
62B is a diagram viewing the block 97 containing the 
collimator lens 92 from the front side. 

The collimator lens 92 is mounted on the block 97 
being inclined by a predetermined angle with respect to 
the optical axis of the laser beam. The semiconductor 
laser 91 exhibits different angles of divergence depend- 
ing upon the vertical direction and the horizontal direc- 
tion, and further exhibits astigmatism. This is a 
phenomenon in which the position for emitting the beam 
in the horizontal direction and the position for emitting 
the beam in the vertical direction are deviated from each 
other, arousing a problem in that the focat position of the 
laser beam is deviated. 

In order to solve the problem of astigmatism or the 
problem of Figs. 56A and 56B. the collimator lens 92 
according to the present invention is mounted being 
tilted by a predetermined angle with respect to the opti- 
cal axis. The angle for mounting the collimator lens 92 
may be determined in advance depending upon a vari- 
ety of conditions. Though each semiconductor laser 91 
has its own characteristics, the angle for mounting the 
collimator lens 92 is hardly dependent upon the differ- 
ence in the characteristics of the semiconductor laser 
91. The effects can be exhibited to a considerable 
degree if an average angle is employed to cope with the 
semiconductor laser 91 . 

Claims 

1. A bar code reader comprising a first reading win- 
dow (5) provided nearly horizontally and upwardly 
emits a first scanning beam, and a second reading 
window (4) provided at a position nearly erected rel- 
ative to said first reading window (5) and emits a 
second scanning beam in a horizontal direction so 
as to intersect said first scanning beam, said bar 
code reader projecting said first and second scan- 
ning beams onto an article to read a bar code 
attached to the article by detecting the beam 
reflected by the article relying upon a first detector 
(28) which detects the beam reflected by the article 
and is incident through said first reading window (5) 
and upon a second detector (29) which detects the 
beam reflected by the article and is incident through 
said second reading window (4), said bar code 
reader further comprising, arranged on the same 
straight line: 

a source (21) of light for emitting a ray of light: 
splitting means (22) for splitting the ray of light 
emitted from said source (21 ) of light into a first 
ray of light and a second ray of light. 
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a rotary scanning means (25) having a plurality 
of reflection planes that are rotating, and 
reflecting said first and second rays of light inci- 
dent from different directions on said reflection 
planes to form said first and second scanning 5 
beams; 

a first mirror system (26) for reflecting the first 
scanning beam from said rotary scanning 
means (25) so that it is emitted through said 
first reading window (5); »c 
a second mirror system (27) for reflecting the 
second scanning beam from said rotary scan- 
ning means (25) so that it is emitted through 
said second reading window (4); 
first and second reflection means (23. 24) for is 
guiding the second ray of light split by said split- 
ting means (22) to said rotary scanning means 
(25); 

first focusing means (30) for focusing the first 
reflected scanning beam toward said first 20 
detector (28). said first reflected scanning 
beam being reflected after having scanned the 
bar code of the article, incident through said 
first reading window (5). and is returning back 
through the same passage as said first scan- 25 
ning beam; and 

second focusing means (32, 33) for focusing 
the second reflected scanning beam toward 
said second detector (29). said second 
reflected scanning beam being reflected after 30 
having scanned the bar code of the article, inci- 
dent through said second reading window (4). 
and is returned back through the same pas- 
sage as said second scanning beam. 

35 

2. A bar code reader according to claim 1, wherein 
said first detector (28) and second detector (29) are 
arranged on said same straight line. 

3. A bar code reader according to claim 1. wherein 4c 
said first detector (28) and said second detector 
(29) are arranged at positions deviated from said 
same straight line. 

4. A bar code reader according to claim 1, wherein 45 
said first reflection means (23) and said second 
reflection means (24) are provided at positions 
opposed to each other with said rotary scanning 
means (25) sandwiched therebetween, said first 
reflection means (23) reflects the second ray of light so 
from said splitting means (22) toward said second 
reflector means (24) passing through a position 
where it intersects the axis of rotation of said rotary 
scanning means (25), and said second reflection 
means (24) reflects the second incident ray of light ss 
toward said rotary scanning means (25). 

5. A bar code reader according to claim 4. wherein the 
second ray of light guided from said first reflection 



means (23) to said second reflection means (24) 
passes through space under said rotary scanning 
means (25). 

6. A bar code reader according to claim 1. wherein 
said first focusing means (30) is a concave mirror 
which is disposed between said source (21) of light 
and said rotary scanning means (25) so as to inter- 
sect the optical axis of the ray of light emitted from, 
said source (21) of light, the reflection plane for said 
first reflected scanning beam is faced to said first 
detector (28) on the side of said rotary scanning 
means (25). and said concave mirror is provided 
with a hole (31) through which will pass the ray of . 
light emitted from said source (21) of light. 

7. A bar code reader according to claim 6. wherein 
said first detector (28) is installed on the bottom sur- 
face of said bar code reader, and the light-receiving 
surface thereof is facing the reflection plane of said 
concave mirror. 

8. A bar code reader according to claim 1, wherein 
said second focusing means (32) is a lens which is 
disposed between said rotary scanning means (25) 
and said second detector (29) so as to focus said 
second reflected scanning beam onto the light- 
receiving surface of said second detector (29). 

9. A bar code reader according to claim 8. wherein 
said second detector (29) is installed with its light- 
receiving surface facing the bottom surface of said 
bar code reader, and a reflection mirror (33) is pro- 
vided between said lens and said second detector 
(29) so as to reflect the second reflected scanning 
beam from said le.ns toward said second detector 
(29). 

10. A bar code reader according to any one of claims 1 
to 9. wherein said source (21) of light is disposed at 
such a position that a distance from the reflection 
plane of said rotary scanning means (25) to a posi- 
tion where said first scanning beam is most con- 
verged is larger than a distance from the reflection 
plane of said rotary scanning means (25) to a posi- 
tion where said second scanning beam is most con- 
verged. 

11. A bar code reader according to claim 1. wherein 
said first reading window (5) is constituted by a 
transparent plate which is long in the direction of 
depth of the apparatus and is short in the direction 
of width of the apparatus. 

12. A bar code reader according to claim 11. wherein 
said first reading window 5 has a size of 7 inches in 
the direction of depth and 4 inches in the direction 
of width. 
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13. A bar code reader according to claim i. wherein 
said bar code reader is constituted by a bottom 
scanner portion (3) including said first reading win- 
dow (5), and a side scanner portion (2) including 
said second reading window (4); 5 

said bottom scanner portion (3) includes an 
upper frame (42) and a lower frame (41 ) that can be 
divided in the up-and-down direction, and said side 
scanner portion (2) includes a mirror frame (44); 

said upper frame (42) is provided on the side 10 
surfaces thereof with a plurality of first reflection 
mirrors (ZML1 , VBL2, VBL1 . HBL1 . ZBL1 , ZBRl. 
HBR1 , VBR1 . VBR2. ZMRl ) of which the reflection 
planes are faced toward downwardly tilted direc- 
tions to downwardly reflect the first scanning beam 15 
from said rotary scanning means; 

said lower frame (41 ) is provided on the side 
surfaces thereof with a plurality of second reflection 
mirrors (ZML2. VBLL, HBL2, ZB2, HBR2, VBRR, 
ZMR2) for reflecting the beam reflected by said 20 
reflection mirrors (ZML1, VBL2, VBLL HBL1 , 
ZBL1, ZBRL HBR1, VBRL VBR2, ZMR1) toward 
said first reading window (5). and with a plurality of 
third reflection mirrors (VSLL VSRL ZL, ZR) of 
which the reflection planes are faced toward 2 s 
upwardly tilted directions to upwardly reflect the 
beam scanned by said rotary scanning means (25); 
and 

said mirror frame (44) is provided with a plu- 
rality of fourth reflection mirrors (VSL2, ZLL ZHL, 30 
ZHR, ZRR, VSR2) of which the reflection planes 
are faced toward downwardly tilted directions to 
emit the scanning beam reflected by said third 
reflection mirrors (VSLL ZL. ZR. VSRl) in a hori- 
zontal direction through said second reading win- 35 
dow (4). 

14. A bar code reader according to claim 1 , wherein the 
upper surface (13) of the reader having said first 
reading window (5) is provided with protuberances *c 
(82) for decreasing the friction between the upper 
surface (13) and an article that passes through in 
contact with the upper surface (13). 

15. A bar code reader according to claim 14, wherein 4s 
said upper surface (13) is provided with said protu- 
berances (82) which are linearly extended in a 
direction in which the article passes. 

16. A bar code reader according to claim 15. wherein so 
said protuberances (82) have a nearly triangular 
shape in cross section. 

17. A bar code reader according to claim 15 or 16. 
wherein said protuberances (82) are arranged on 55 
said upper surface 13 maintaining a small gap at a 
portion (83) where the bar codes can be best read 
out, and are arranged maintaining a large gap in 
other portions (84). 
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18. A bar code reader according to claim 1, wherein a 
control unit (85) is installed on the bottom surface of 
the apparatus, said control unit (85) having a con- 
nector for supplying electric power to members 
constituting the apparatus and a connector for 
inputting and outputting signals, and said connec- 
tors are provided near the bottom surface at the 
back of the apparatus so as to be directed in the 
horizontal direction of the apparatus. 

19. A bar code reader according to claim 1. wherein 
said source (21) of light includes a semiconductor 
laser (91). a focusing means (92) for focusing a 
laser beam emitted from the semiconductor laser 

(91) , and a beam shaping means (94) for changing 
the diameter of the beam in one of the axes along 
which the laser beams emitted from the focusing 
means (92) intersect at right angles. 

20. A bar code reader according to claim 1 9. wherein 
said source (21) of light further includes a splitting 
means (22) for splitting said laser beam. 

21. A bar code reader according to claim 19 or 20. 
wherein said beam shaping means (94) is a prism 
having a vertical angle corresponding to the diame- 
ter of the ray of light that is to be changed, and said 
diameter of said ray of light is changed by refracting 
the incident ray of light in a predetermined direction. 

22. A bar code reader according to claim 19 or 20, 
wherein said beam shaping means (94) is a cylin- 
drical lens. 

23. A bar code reader according to claim 22, wherein 
said cylindrical lens is constituted by a concave 
cylindrical lens and a convex cylindrical lens. 

24. A bar code reader according to claim 22, wherein 
said cylindrical lens is a double-sided cylindrical 
lens having a concave surface on one side and a 
convex surface on the other side. 

25. A bar code reader according to any one of claims 
19 to 24, wherein the angle of said focusing means 

(92) is adjustable with respect to the optical axis. 

26. A bar code reader according to any one of claims 
19 to 24, wherein said focusing means (92) is 
mounted in a block (97) of which the position can be 
moved in a direction along the optical axis within 
said source (21) of light, said focusing means (92) 
being tilted with respect to the optical axis of the 
laser beam. 

27. A bar code reader comprising a first reading win- 
dow (5) provided nearly horizontally and upwardly 
emits a first scanning beam, and a second reading 
window (4) provided at a position nearly erected rel- 
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ative to said first reading window (5) and emits a 
second scanning beam in a horizontal direction so 
as to intersect said first scanning beam, said bar 
code reader projecting said first and second scan- 
ning beams onto an article to read a bar code 5 
attached to the article by detecting the beam 
reflected by the article relying upon a first detector 
(28) which detects the beam reflected by the article 
and is incident through said first reading window (5) 
and upon a second detector (29) which detects the w 
beam reflected by the article and is incident through 
said second reading window (4). and said first and 
second scanning beams being the ones obtained 
by reflecting said first and second rays of light inci- 
dent from different directions on the reflection 75 
planes of a rotary scanning means (25) which has a 
plurality of reflection planes that rotate: wherein. ■ 

a distance from the reflection plane of said 
rotary scanning means (25) to a position where 
said first scanning beam is most converged is larger 20 
than a distance from the reflection plane of said 
rotary scanning means (25) to a position where 
said second scanning beam is most converged. 



28. A bar code reader according to claim 27. further 25 
comprising a single source (21) of light, and a 
means for splitting the ray of light emitted from said 
source (21) of light so as to be incident upon said 
rotary scanning means (25) from different direc- 
tions, wherein a distance from the reflection plane 3C 
of said rotary scanning means (25) to a position 
where said first scanning beam is most converged 

is larger than a distance from the reflection plane of 
said rotary scanning means (25) to a position 
where said second scanning beam is most con- 35 
verged. 

29. A source (21) of laser light for generating a laser * 
beam, comprising: 

40 

a semiconductor laser (91); 
a focusing means (92) for focusing the laser 
beam emitted from said semiconductor laser 
(91); and 

a beam shaping means (94) for changing the 45 
diameter of the beam in one of the axes along 
which the laser beams emitted from the focus- 
ing means (92) intersect at right angles. 

30. A source of laser light according to claim 29, so 
wherein said source (21) of laser light further 
includes a splitting means (22) for splitting said 
laser light. 

31 . A source of laser light according to claim 29 or 30. 
wherein said beam shaping means (94) is a prism 
having a vertical angle corresponding to the diame- 
ter of the ray of light that is to be changed, and said 
diameter of said ray of light is changed by refracting 



the incident ray of light in a predetermined direction. 

32. A source of laser light according to claim 29 or 30. 
wherein said beam shaping means (94) is a cylin- 
drical lens. 

33. A source of laser light according to claim 32. 
wherein said cylindrical lens is constituted by a con- 
cave cylindrical lens and a convex cylindrical lens. 

34. A source of laser light according to claim 32. 
wherein said cylindrical lens is a double-sided cylin- 
drical lens having a concave surface on one side 
and a convex surface on the other side. 

35. A source of laser light according to any one of 
claims 29 to 34. wherein the angle of said focusing 
means (92) is adjustable with respect to the optical 
axis. 

36. A source of laser light according to any one of 
claims 29 to 34, wherein said focusing means (92) 
is mounted in a block (97) of which the position can 
be moved in a direction along the optical axis within 
said source (21) of light, said focusing means (92) 
being tilted with respect to the optical axis of the 
laser beam. 



55 



24 



EP 0 779 591 A2 



Fig.lA 

PRIOR ART 
204 




Fig.lB 

PRIOR ART 




Fig.lC 




25 



EP 0 779 591 A2 



Fig/ID 

PRIOR ART 




Fig.lE 




26 



EP 0 779 591 A2 



Fig.lF 




27 



EP 0 779 591 A2 



Fig.lG 

PRIOR ART 



217.227 




Fig.2A 




28 



EP 0 779 591 A2 



Fig.2B 



4 




n 



13 




29 



EP 0 779 591 A2 



Fig. 3 




30 



EP 0 779 591 A2 



Fig. A 




31 



EP 0 779 591 A2 



Cm >■ 




H-1=120mm 



X 



£ 

E 

ex; 

CD 
CM 
II 



H = 2^7rr,m 



32 



EP 0 779 591 A2 



r 



CD 
CO 



o 


















OQ2 





o • 

COO 

cr cr 

hH h-H llJ 



CO 

o 



cozen 



T 

CXI 




CO 



o 





CM 




o 








CjJ 


f— oo 










ZD 


—DCC 




JO 














err 







00- 




CVJ 

! 



CO 

\ 
I 



33 



EP 0 779 591 A2 



Fig. 7 




EP 0 779 591 A2 



Fig.8A 



63 1 




Fig.8B 




£1 



35 



EP 0 779 591 A2 




36 



EP 0 779 591 A2 



Fig.lOA 

CL 




V3LL ZB2 23 21 VBRR 



37 



EP 0 779 591 A2 



Fig.lOB 

CL 




VBLL Z32 23 21 VBRR 



38 



EP 0 779 591 A2 




EP 0 779 591 A2 



Fig.12 

VBR1 




VBRP 



40 



! 



EP 0 779 591 A2 




41 



EP 0 779 591 A2 



Fig.14 




42 



EP 0 779 591 A2 




43 



EP 0 779 591 A2 



00 







cr 


O 




o 






oocr 


—J a: 




—3 en 















cr 




cr 


-S 










CMCC 
^JCC 






CD »— I 


3=3: 




=n 2r 





CD 

INI 



cc 
o 

r-CC 

-JCE 
MS 



cr 

CD* 



cr 

CD 
INI 
A 



cr 




en 


o 




o 


ooa: 
cr cc 




Eg 








cv3s: 







cc 




cc 


o 




-g 


(\jcr 






cccc 




error 















ojcr 

CO M 



cc 
o 

r-CC 

oc cr 

COM 



L. 



JO 



OCT 

?-cc 

Oh 



LO 
CM 



cc -z. 

3ILLJO 

E— < CC 
OOO 
CQOQCL, 



44 



EP 0 779 591 A2 



) 

— t- 



cr 




cr 


o 


















COM 













r 




cr 




cr 






o 






^-cr 


cr cr 




era: 


00 HH 




00 j-h 






>3Z 




C\T 





CM 






CO 




—J 


CM 


o 


ZD 






O 






o 




OCT 






WO 






jcr 


o 




u- cr 








> 




err 



CNJ 



cr 

U3 



COO 
.1— ' I 

otr 

HO 

oocu 



45 



EP0 779 591 A2 



Fig.19 




OPERATOR SIDE 



47 



EP 0 779 591 A2 




48 



EP 0 779 591 A2 




49 



EP 0 779 591 A2 




50 



EP 0 779 591 A2 




51 



EP 0 779 591 A2 






52 



EP 0 779 591 A2 



Fig.27 

PRESENT INVENTION 



<z => 




53 



EP 0 779 591 A2 




54 



EP 0 779 591 A2 




EP 0 779 591 A2 



Fig. 31 




Fig. 32 

1 

i^Omm 7 




56 



EP 0 779 591 A2 



Fig.33A 



75 





. 1 

1 


" i 

\ 


I \ 


i 





Fig.33B 




57 



EP 0 779 591 A2 



Fig. 34 




58 



EP 0 779 591 A2 



Fig.35A Fig.35B 




59 



EP 0 779 591 A2 




EP 0 779 591 A2 



Fig.37A 




Fig.37B 









63 / 
— ■ 82 / 


81 


















84 



61 



EP 0 779 591 A2 



Fig.38 



102 103 

I -1 




105 106 107 



108 



Fig.39 

PRIOR ART 





Fig. AO 




86 



r 109 85 



62 



EP 0 779 591 A2 



Fig.AI 



1 

/ 



j 


A £ 

t \ r.S! 


1 

1 


( 




, 


J 




.ill 




i 
I 


i' 




i 


i 


1 








; r ■ 



__ p 

88 87 



63 



EP 0 779 591 A2 



Fi g.42 



EP 0 779 591 A2 



Fig. A3 




65 



EP 0 779 591 A2 



g. A4A 



g.44B 




BEAM 
DIAMETER 

55Qum 



Fig. 45 



BAR CODE 
READABLE 
AREA 




DISTANCE 
FROM 

APERTURE 



91 




N 



HORIZONTAL DIRECTION 
SEAM EMISSION ANGLE: 5~1 1 

VERTICAL DIRECTION 
3EAM EMISSION ANGLE: 2i*~ 37° 



66 



EP 0 779 591 A2 



g.46A 

(HORIZONTAL DIRECTION) 

91 A 92 |T 93 




0=5-1 V 




g . A6B 

(VERTICAL DIRECTION) 




9=24-37 LOSS BY APERTURE 

Fig. 47 



BEAM 

DIAMETER 



1 \ LFS 


, ADL / 


\ l\ \ / 
\ 1 \ \y 

1 





BAR CODE READABLE 
AREA 



DISTANCE 
FROM 

APERTURE 



67 



EP 0 779 591 A2 



48 A 



48B 



/ VERTICAL DIRECTION 

\ (BEAM EMISSION ANGLE IS LARGE) 



91 




92 



93 



(f - 3.6mm) 



HORIZONTAL DIRECTION 

(BEAM EMISSION ANGLE IS SMALL) 

91 A_ 92 




93 



0 



A9A 



/ HORIZONTAL DIRECTION \ 
\ (3EAM EMISSION ANGLE IS SMALL) / 

21 



91 



92 




93 



49B 



VERTICAL DIRECTION 

(BEAM EMISSION ANGLE IS LARGE) 




68 



EP 0 779 591 A2 



Fig.50A Fig.50B 




Fi g.51A 



A 



v 



Fig.51B 



69 



EP 0 779 591 A2 




Fig. 52 

/ VERTICAL DIRECTION \ 
(BEAM EMISSION ANGLE IS LARGE)/ 

- 



Fig.53A Fig.53B 




Fig.SAA Fig.54B 




70 



EP 0 779 591 A2 



F i g . 55 




71 



EP 0 779 591 A2 




Fig.58B 



96b 



96a 




F i q .58 C 



96a 96b 




72 



EP 0 779 591 A2 



Fi g.59 



SCANNING 
BEAM A , 





\\ BEAM B 
BEAM A \ V> 

\\ 21 



ig.60A Fig.60B 



1 

h 



\ BEAM B 

\ 

\ 

\ 



BEAM A 
•22 



2' 

4 



22'^ 



BEAM B 
5EAM A 



73 



EP 0 779 591 A2 



g.61A 



g.61B 




BEAM B q? 
22 / on 9C ~ L 



BEAM A 




Fi g.62A 



Fi g.62B 





74 



(19) 



(12) 



(88) Date of publication A3: 

28.07.1999 Bulletin 1999/30 

(43) Date of publication A2: 

18.06.1 997 Bulletin 1 997/25 

(21) Application number: 96309129.3 

(22) Date of filing: 13.12.1996 



Europaisches Patentamt 
European Patent Office 

Office europeen des brevets (11) 

EUROPEAN PATENT APPLICATION 

(51) Int. CI 5 : G06K7/10 



lillllll 

EP 0 779 591 A3 



(84) 


Designated Contracting States: 


• Watanuki, Hiroshi 




DE FR GB 


Nakahara-ku, Kawasaki-shi, Kanagawa 211 (JP) 






• Yamazaki, Kozo 


(30) 


Priority: 14.12.1995 J P 32547595 


Nakahara-ku, Kawasaki-shi, Kanagawa 211 (JP) 


(71) 


Applicant: FUJITSU LIMITED 


(74) Representative: 




Kawasaki-shi, Kanagawa 211-8588 (JP) 


Hitching, Peter Matthew et al 






Haseltine Lake & Co., 


(72) 


Inventors: 


Imperial House, 


• 


Ohkawa, Masanori 


15-19 Kingsway 




Nakahara-ku, Kawasaki-shi, Kanagawa 211 (JP) 


London WC2B 6UD (GB) 


• 


Ichikawa, Toshiyuki 




Nakahara-ku, Kawasaki-shi, Kanagawa 211 (JP) 





CO 

< 

cn 
in 

o> 



(54) Bar code reader 

(57) A bar code reader has two reading windows, 
i.e., a bottom window (5) and a side window (4). An 
increased number of scanning lines are used for consti- 
tuting scanning patterns for scanning bar codes, and 
the arrangement of the optical system is contrived to 
decrease the whole size of the bar code reader and, 
particularly, to decrease the depth of the bar code 
reader. A source (21) of laser light, a splitter (22) for 
splitting the laser beam emitted from the laser light 
source into two, a reflection mirror (23. 24) for transmit- 
ting one beam from the splitter to a polygon mirror (25) 
which rotates to scan the incident laser beam, a mirror 
system (26) for emitting the beam reflected by the poly- 
gon mirror through the reading window (5). and a focus- 
ing member (30) for focusing the beam reflected by the 
bar code onto a detector (28) that detects the beam 
reflected by the bar code, are arranged on the same line 
in the bar.code reader. By using a concave mirror (30), 
furthermore, the beam reflected by the bar code is 
folded back to one detector (28). The light-receiving sur- 
face of another detector (29) is faced downward to 
receive the beam reflected by the bar code through a 
Fresnel lens (32) and mirror (33). thereby to decrease 
the depth of the bar code reader. Furthermore, the 
beam passage from the reflection mirror goes through 
the lower surface of the polygon mirror intersecting the 
axis of rotation of the polygon mirror. 
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